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HABBOR AND LAND COMISSKMBS' REPORT.
To the Honorable the Senate and the House of Representatives of the Com-
monwealth of Massachusetts.
The Board of Harbor and Land Commissioners, in accord-
ance with the provisions of law, respectfully submit their
annual report for the year 1880.
South Boston Flats.
The total cost of this land to Dec. 31, 1830, has been, $1,148,847 69
The receipts have been. —
From Boston and Albany Railroad, for land. 8330,000 00
From New York and Xew England Railroad,
for land 1,108,165 00
From Xew York and Xew England Railroad,
for rent 10.500 00
From Boston Wharf Company, for land . 1.354 20
1,450.019 20
Showing, exclusive of interest, a profit to the Common-
wealth, to Dec. 31, 1830, of §301.171 51
From this statement it appears that the aggregate amount
of sales, and the amount received for rents, &c, of the South
Boston lands, already exceeds by the sum of 6301.171.51
the whole amount expended by the State at South Boston.
And there is still a large sum clue from the Boston and
Albany Railroad, for its purchase of fifty acres, besides dam-
ages for non-fulfilment of contract.
4 HARBOR AND LAND COMMISSIONERS. [Jan.
The sales above reported cover all the filled land at South
Boston, and leave belonging to the Commonwealth some
seven hundred acres of flats, upon a very small portion of
which has money been expended for reclamation; and, with
active work, it will take two years to prepare for use a single
dock and the adjoining piers.
On the 28th of August last, a contract, of . which a copy
will be found in the Appendix, was made ' with Thomas
Potter for dredging three hundred thousand yards of mate-
rial from the flats beyond the line of the proposed outer
wall, and placing the same upon the flats proposed to be
filled, the whole work to be completed by the 1st of Jan-
uary, 1883. This contract has been duly approved by the
Governor and Council. It exhausts the appropriations al-
ready made; and a further appropriation will be necessary in
order to complete retaining-walls, and walls for the required
dock, so that the work upon the walls may be prosecuted
simultaneously with the filling. By the Act of 1878, Chap.
237, the fund called the Commonwealth's Plats Improve-
ment Fund is established ; and by the same act it is provided
that proceeds of land at South Boston, when sold, shall be
placed in this fund. From this fund an appropriation was
made by the same act ; and it is now asked that a further
appropriation may be made from the said fund, sufficient
for the purposes named, so that without further delay the
necessary additional contracts may be made.
After the sale of the filled land was made, it was deemed
advisable that the commission should obtain such knowledge
of the construction, arrangement, and management of docks
in Europe, as would enable it to make that use of the South
Boston Flats which would conduce most to the advantage
of trade, and meet its requirements, at the same time having
due regard to the interests of the State. His Excellency
concurred in this view ; and one of the commission has vis-
ited Europe for these purposes, and has submitted to the
Board a report of his examinations as follows :—
To the Board of Harbor and Land Commissioners.
Gentlemen, — Deputed by the Board, with the approval of his Ex-
cellency, to visit Europe for the inspection of docks and their connections
with railroads, and especially to examine their systems of organization
and management, I have the honor of submitting my report.
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The first thing- which attracted my attention, as I inquired about docks
in Europe, was the great amount of work on docks which was in prog-
ress, contemplated, or just completed, in almost every port, whether
great or small, throughout Great Britain, France, Belgium, Holland, and
Germany. This work is to be attributed to two causes, —
1. The necessity of docks suited to the change of vessels from sail to
steam; the latter requiring greater length of quayage, with wide sheds
and broad landings, and a greater depth of water.
2. The necessity of preparing all ports which exported their special
products to the ports of America, for the reception of the steamers which
bring American produce or merchandise, because, with vessels such as
are fitted for the Atlantic trade, it is impossible for them to discharge at
one port and load at another. The models of the ships which do not
permit their moving about, as sailing ships did, with swept holds or
lightly ballasted, the long detention and double port charges, prevent
and make it too costly. Therefore, for such ports it is necessary, in order
to secure cheap and reasonable freights upon their exported products, to
be able to accommodate with proper docks and railroad connections, all
ships which may bring imported goods to the port. And so by being
able to receive inward cargoes, ships are secured at the port for outward
cargoes. In other words, such a port with good docks and railroad con-
nections may establish a line of steamers to America which will be sure
of cargoes both ways.
That the trade with America is of great importance, is shown by the
fact that while the receipts of the Mersey Dock and Harbor Board for
dock rates and tonnage rates during the year ending July 1, 1880, were
£740,000 sterling, £360,000 sterling were collected from the United
States trade, and £60,000 sterling more from the trade with the British
North American provinces; or, nearly 57 per cent of these receipts were
from the trade with North America.
In Great Britain one finds docks fitted for this trade, either jnst com-
pleted or in progress, in the ports of London, Liverpool, Hull, Newcas-
tle, Hartlepool, Leith, Glasgow, Barrow, Fleetwood, Belfast, Bristol,
Swansea, Cardiff, Newport, Plymouth, Southampton, and perhaps other
places. In France, at Dunkirk, Havre, Bordeaux, and Marseilles. In
Belgium, at Antwerp. In Holland, at Amsterdam and Rotterdam. In
Germany, at Bremerhaven and Hamburg. The amount expended and
to be expended is many millions in sterling.
In Amsterdam a canal fifteen miles long has been cut through to the
North Sea, so that the port is no longer entered round the Texel and through
the shallow Zuyder Zee, but is now a deep-water harbor, and twenty-
four hours nearer the Atlantic trade than before. The canal is said to
have cost five million dollars, and the docks being constructed will cost
as much more. In Rotterdam docks, wThere the steamers in the Ameri-
can trade discharge and receive their cargoes, twenty-one millions of
guilders, or over eight millions of dollars, have been expended. In Ant-
werp, a city which has lain almost dormant for three centuries, the docks
built by Napoleon have been enlarged, deepened, and re-modelled, new
docks are being built, and the whole water-front of the city changed to
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insure deep water and regularity in the tidal flow, at a cost of many
millions of: dollars; and the city with its lines of steamers, and immense
number of sailing vessels in the American trade, has become to-day the
third or fourth commercial city of Europe. In Hamburg and Bremen
large sums have been expended, and lines of steamers to America estab-
lished. These five ports are to-day in competition for the great trade
between America and Germany.
The four ports of France put the various portions of that great nation
into direct communication with America; and their docks, their conven-
iences, and their cost are on the same scale as the docks in Germany,
Holland, and Belgium. Indeed, it is a point very difficult to decide, as
to which has the best, or which has expended the most. But all look to
the American trade for their greatest revenue.
The ports of Great Britain are familiar to you by name. London and
Liverpool are general ports, while most of the others are special ports.
In most of the special ports there must have been expended a million of
pounds sterling, and in some of them more. In the River Clyde, which fifty
years ago was not navigable to Glasgow by ships of one hundred tons,
there is now twenty-five feet of water, and there are ample docks, two or
three lines of steamers to America, and the great ship-yards where are
built a large proportion of the steamers now engaged in the American
trade. The cost of making such a port, as Glasgow now is, has been
many millions.
And so the various other ports might be described; but the plans of
their docks, which you now have, will afford you ample information in
regard to their plans and construction.
In London the great Victoria and Albert Dock, two miles long, has cut
off abend in the river, which it enters at either end; and here may be
found the great steamers running to Boston and New York. So far as
possible, every improvement has been introduced, and both here and at
the East and West India Docks, every attempt has been made to facili-
tate business and to lessen charges in the handling of goods.
When I landed at Liverpool, the engineer of the Mersey Docks, Mr.
Lyster, told me that in the handling of goods America had little to learn
in Europe, and that he had sent his assistant to America, last year, to
examine our system of handling goods in order that he might introduce
in his new docks and warehouses now building in Liverpool all American
improvements. Still he said there was one thing in which Europe was in
advance of America, and that was the use of hydraulic machinery. This
I found to be true, and no dock visited was found without large hydraulic
engines and hydraulic cranes. But it was laughable at times to see
how goods were handled so carefully, so easily, and so cheaply, by this
splendid machinery, and then to see the whole saving wasted. For
instance, at Antwerp a vessel with broken pig-iron was being discharged
by one of the beautiful hydraulic swinging cranes of Sir William Arm-
strong. The iron was hoisted from the hold in a large tub, which, instead
of being swung over to the car standing upon the track only fifteen feet
away, and then dumped, was lowered to the deck, and then the iron was
handled piece by piece, and placed in a basket, the basket placed upon a
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man's shoulder, and the man walked down a plank to the dock, up another
plank on the further side of the car, and then dumped his basket into the
car. It was in vain to ask why the tub was not swung and then dumped,
— they never did it so.
In London, with a hydraulic crane lying idle alongside the ship, bale
goods were rolled from the car down to the pier, and then rolled up again
to the vessel's deck. To the question " Why do you do so? " the answer
was, " We always have."
In Liverpool, where grain is raised by hydraulic power to the highest
story of the magnificent grain warehouse, and carried by a horizontal
belt, moved by hydraulic machinery, at the rate of fourteen feet in a sec-
ond, eighty tons of it in an hour, — with a railroad station two hundred
feet away, the grain is lowered to the lowest floor, shovelled into a sack,
the sack carried to a truck, and by the truck carried to an open car, upon
which it is loaded, covered with a tarpaulin, and transported to the coun-
try. Mr. Lyster has tried in vain to extend his belt to the station. The
railroad company says No, and grain is handled as it has always been.
Thus, while science shows the way, and engineers desire to use the im-
provements which they have constructed, prejudice and custom say No,
and absorb the saving of improved machinery. But in other places where
they deal with their own products, prejudice and custom do not always
interfere with science. In Newport there is a dock two thousand five
hundred feet long, one side of which is devoted to coal shipments. Here
science has had full sway. Parallel to the dock, and three or four hun-
dred feet away from it, is the railroad track, elevated seven feet above the
capsill Upon this track the loaded cars come in, each car of four wheels
holding eight tons of coal. At intervals of three or four hundred feet,
there are switches from which curved tracks run to the capsill of the dock,
on a descending grade. Upon these curved tracks the loaded cars are
switched off. At the end of each track is a hydraulic lift, upon which
the loaded cars are placed one at a time. One man handles the cars, and
one man tends the lift. Every two minutes a car is raised fourteen feet,
dumped by an opening at the end, tipped back on to a descending track
which runs back on a curved line to the main track; and so, with only two
men, coal is loaded into a single hatch of a vessel, at the rate of four tons
to the minute, — an example of the rapidity and cheapness with which
goods are handled when men will use the appliances which science fur-
nishes.
This use of hydraulic machinery and gravitation was the most notice-
able thing in connection with the handling of goods. Its simplicity and
cheapness should attract attention, and wherever the two powers can be
combined they should be used. But it is not merely for the handling of
goods that hydraulic machinery is used in Europe. The docks there are
mostly docks into which vessels can come only at high water, owing to
the great rise and fall of the tide. At high water the gates are opened,
and vessels pass in and out. Then the gates are closed, and high-water
mark is retained inside the docks all the time, so that vessels lie con-
stantly afloat, with their rails always at the same distance from the
capsill of the dock. And it is to open and shut these great gates requir-
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ing immense power, that hydraulic machinery is used. It is also used to
pump out the graving docks which are found inside all first- class docks
in Europe. The modern graving dock is over five hundred feet long, sixty
feet wide, with twenty-five to thirty feet water over the sill. Such a
dock as this is pumped dry in Liverpool by hydraulic machinery in less
than an hour; and one of the largest steamers, the ' Scythia," entered this
dock, and went out in eleven hours, having been painted and cleaned in
the interval, — the eleven hours being in the night, so that no time was
lost. At the dock electric lights are used, so that men can work as well
by night as by day.
The other noticeable thing in regard to docks is their common use by
all on equal terms. There, railroad companies do not own and control
docks, charging other railroads for their use, but in all cases the railroad
tracks upon the docks and to the junction with railroads are owned by
the dock company, which loads the cars and carries them to the junction,
or receives them at the junction and unloads them, the charge to all rail-
roads being the same. This is exemplified by the following advertise-
ment of the Royal Victoria Docks at London : —
Import Goods.— There is no extra charge for delivery to railway trucks.
The following railway companies have goods depots within the Victoria
Docks, and the trucks run alongside the warehouses, viz.: Great Eastern,
Great Northern, London and North-western, Midland, and, by special ar-
rangement, the Great "Western. Grain, flour, guano, provisions, and goods
of every description, handed to above companies, as a rule arrive at, destina-
tion the following morning, thus saving much time and risk; and no expenses
for cartage or lighterage are incurred.
This list of railroads covers the principal companies in Great Britain.
To each of these railroads cargo from any vessel in those docks can be
delivered, and from each of these railroads any vessel in the docks can
receive goods, at precisely the same cost per ton. In Liverpool it is the
same. The three railroads there, the North-western, the Midland, and
Great Western, have equal privileges. And so it is all over Europe. To
whichever dock in whichever port a vessel goes, her cargo goes on equal
terms to every railroad which has a track within the limits of the port,
and from every railroad in the port cargo can be received on equal terms.
In this country no such custom prevails. The great termini are owned
by railroad corporations. Not to every railroad are allowed equal terms,
but only to every railroad other than the owner. Thus vessels which in
this country lie at a railroad terminus cannot receive cargo from, nor
deliver cargo to, all railroads upon equal terms. The rate to all other
railroads is different from the rate to the railroad at whose terminus the
vessel lies. Freight to other railroads pays a terminal charge to the rail-
road owning the terminus, and a general cargo for different destinations
must pay a charge or be sent over the road which owns the terminus.
This may work well for the railroad, but it is against the public interest,
and is injurious to the port. In Europe, if two railroads compete with
each other, they bear the loss of the competition. Here, if they compete,
the importer of goods does not get the whole benefit, because of the ter-
minal charge to other railroads.
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A merchant of Boston whose goods are at the Grand Junction Wharf
cannot send his goods West by the Fitchburg or Lowell except by pay-
ing a terminal charge; nor can a vessel at either Constitution or the
Lowell Wharf send goods West by any railroad except the railroad own-
ing the terminus, unless he pays a terminal charge. This detracts from
the advantage of Boston as a port. If the European system were adopted
here, and ships lying in a foreign port could take freight for Boston to be
sent thence by all railroads upon equal terms, the advantages of Boston
would be more fully appreciated. Then steamers could come here as-
sured that, at whatever dock they unloaded, they could at the same dock
load from any railroad or from several railroads upon the same terms.
Now a vessel coming to either wharf must load at the same wharf with
such cargo as the railroad can furnish, or must haul to the wharf of
another railroad to take the cargo which that road can furnish, or else
the terminal charge comes in. Here it is, " Haul your vessel, or load with
what we can give you by our cars." In Europe it is, " Stay where you
are. Goods by all railroads will be brought to you on equal terms."
Whether the system here can be changed, is worthy the consideration of
both the legislature and the business men of Boston.
Liverpool Docks.
But, while in so many ports in Europe there are docks which attract
attention by their extent and convenience, it is in Liverpool that the
most complete system of docks is to be found ; and here is found also a
form of management which secures uniformity of rates in the whole port,
and to the business community the advantage derived from doing a large
business. Here is found an inducement to extend business, so that the
cost of doing it may be reduced ; and here is found an immense corpora-
tion, without stockholders and without capital, managed and controlled
by the men who contribute to its revenue ; a corporation consisting of a
large property, paid for by notes and bonds amounting to sixteen million
pounds sterling ; secured, not by a lien upon the property, but only on
its income, and from the payment of which only one hundred thousand
pounds sterling can be set aside annually from surplus receipts, if the
surplus receipts amount to so much. This loan, though representing the
cost of improvements, is really a loan, based solely upon the continued
prosperity of the port, and bears interest at rates varying from three per
cent per annum, to four and one-half per cent. The sinking-fund with
its accumulations amounts to one million two hundred thousand pounds
sterling.
The first dock in Liverpool was of three acres, 1,890 yards in extent,
and was opened in 1715. In 1800 the dock area had reached 27 acres
and 1,912 yards. In 1825 there were 46 acres and 3,179 yards. In 1840
there were 95 acres and 1,954 yards. In 1850 there were 152 acres and
381 yards. In 1857 there were 192 acres and 129 yards. Up to this date,
all works had been constructed by the town of Liverpool, under authority
of Parliament, and from time to time there had been built upon the Bir-
kenhead side of the Mersey several docks, which on the 1st of January,
1858, had an area of seven acres and 360 yards ; so that the total area of
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docks upon both sides of the Mersey was 199 acres and 489 yards. At
this time was passed the Consolidation Act, by which all the docks upon
both sides of the Mersey were placed in the hands of the Mersey Dock
and Harbor Board, as perpetual trustees. To the town of Liverpool was
allowed the sum of one million five hundred thousand pounds sterling for
the surrender of certain rights transferred to the new Board, and such
further sum as the town had expended, and to the Birkenhead Dock
Company, a sum to be settled as provided by law.
The directors consist of twenty-eight members — eight elected each
year, whose term of office is three years— and four members appointed by
the Mersey Conservancy Board. The twenty-four members of the Board
are chosen from those who, residing within ten miles of Liverpool, have
paid dock rates to the extent of twenty-five pounds sterling during the
previous year, by those persons who have the same qualifications. In
this Board are vested the whole care of the docks, the duties of pilot com-
missioners for the River Mersey, the duties of harbor commissioners for
the river, the exclusive right to build docks, the right to build railroads
and to operate them within their own property, and the right to build
across (over or under) streets, to discontinue streets, and to make new
streets, subject to approval of the town of Liverpool, and to extend rail-
road tracks to connection with other railroads ; and many other rights
properly guarded as may be* found necessary, and to fix all dock and
tonnage rates, harbor and light dues, and rates for pilotage. But they
must apply to Parliament for authority to borrow money for further
improvements, and must fix the dock rates at such sum as will pay cost
of maintenance, management, operation, interest, and the one hundred
thousand pounds sterling for the sinking fund ; no portion of the receipts
beyond the one hundred thousand pounds sterling per annum being appli-
cable either to a reduction of the debt or further improvements. No
member of the Board can receive any compensation for his services, but
all employes are paid. Thus it will be seen, that, with increased busi-
ness, rates must be lessened to the advantage of those doing business in
Liverpool.
This is the corporation which now manages and controls all the docks
upon the Mersey. In 1860 its dock area was 334 acres, 1,189 yards; in
1870, 383 acres, 811 yards, and in 1880, 433 acres, 4,823 yards. And
there are now very great improvements in progress, both at the North
and South Ends, the most important of which is the great steam dock
at the North End, upon which have been expended one million eight hun-
dred and thirty-six thousand pounds sterling (three hundred and forty-
six thousand pounds of it in the year ending July 1, 1880). In this
dock there will be three piers or quays, each fifteen hundred feet long,
and three hundred feet wide, separated by docks of three hundred feet
wide. Upon each quay will be two sheds upon the edge of the docks,
each one hundred feet wide, with a street for teams and railroad tracks
between them of one hundred feet in width. These quays will add nine
thousand feet to the length of quayage, and will be used for the steam-
ers in the American trade, eighteen of the largest of which can be
accommodated at one time. Upon these quays will be the hydraulic
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cranes, and every other known appliance for the prompt and cheap hand-
ling of goods. They are expected to be ready for use in 1881.
In the same dock basin will be graving docks, so that steamers can be
repaired promptly, and without moving out of the basin in which they
lie to discharge and receive cargo.
At the South End, also, are extensive docks in the course of con-
struction, upon which the sum of three hundred and twelve thousand
pounds sterling has been expended, eighty-two thousand pounds of it
during the year.
It will be noticed that Liverpool has in construction new docks which
have already cost over two million one hundred and fifty thousand
pounds sterling, to be added to her present capacity of four hundred and
thirty-four acres. The length of dock front upon the Liverpool side of
the river is six and one-half miles ; and upon the Birkenhead side some
one and one-fourth miles, and back from the river about two miles. The
total amount expended to 1st July, 1880, has been:—
At Liverpool £10,727,627 12 7
Birkenhead 5,949,333 6 8
£16,676,960 19 3
And the debt outstanding is 15,951,248 3 5
So that only . . . . £725,712 15 10
of the cost, or about .0435 per cent, has been paid for.
The rest has been borrowed upon the security of the rates hereafter
to be collected. The first dock was opened in 1715, so that in one hun-
dred and sixty-five years the payments for the cost have averaged less
than forty-four hundred pounds sterling per year.
The dock receipts were, in—
Vessels. Tonnage.
£ s. d.
1752 — 1,776 8 2 —
1775 . 2,291 5,384 4 9 —
1800 . 4,746 23,379 13 6 450.060
1825 . 10,837 128,691 19 8 1 ,223 820
1840 . 15,998 178,196 14 2,445.708
1850 . 20,457 211,743 7 7 3,536.337
1860 . 21,136 397.315 12 11 4,697.238
1870 . 19,429 -511,703 9 8 5,728.504
1880 . 20,070 706,449 12 8 7,524.533
The above table shows the constant increase of trade at Liverpool,
and also shows the effect of the introduction of steam vessels upon their
size, the number of vessels in 1850 being greater than in 1880, while in
1880 the tonnage had more than doubled. The dock area had also in-
creased 200 per cent.
Thus I have described the docks at Liverpool, and their system of
management. Such system exists nowhere else, I believe. In London,
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two great companies, not railroad corporations, but each owning its own
tracks to the junction with the great railways, control three hundred and
fifty-two acres of dock basins, of which the East and West India Dock
Company own and occupy one hundred and twenty-seven acres, and the
London and St. Katharine Dock Company two hundred and twenty-five
acres. With each other these companies compete for business, and, in
order to secure business, each arranges to deliver goods to all the rail-
ways upon equal terms. Upon the Continent, the docks are generally
under government or municipal control, but in all of the Continental
docks opportunity is afforded to all railroads to connect with the dock
tracks upon equal terms.
So much I have learned by my visit abroad; and now you will ask me
to apply it to Boston, and especially to the property of the State which
is in control of the Board.
In the first place, then, let me say that, with the immense trade be-
tween Europe and America, Boston can have as much of it as she will
prepare herself to accommodate, and that if she will secure to herself, as
she can if she will, better facilities and lower rates than at other ports,
the business will pour in upon her much faster than she can prepare
herself for it. Already, with her imperfect arrangements, and her
unfortunate system, there are more steamers in the port than can be
accommodated, while the work of proper preparation will take much
time. Let then, for the present, every facility be granted to every appli-
cant for increased wharf accommodation. Induce, if you can, adjoining
wharf proprietors to unite and make wharves suitable for steamers.
Arrange, if possible, for the connection by rail of every wharf where a
steamer can be placed with every railroad leading to places from which
goods destined for the European market are brought, or to which they
are carried.
The value of the property at South Boston, and the value of other
wharf-property, will be increased and not diminished by the increase of
business, whether that business be done either at the Mystic, at Charles-
town, at East Boston, the city proper, or at South Boston; and at which-
ever point the greatest facilities can be furnished at the lowest charge,
there will be the greatest business. It is a business of which there is
enough for all, and there should be no rivalry except to excel among the
wharf-owners of Boston. The aim should be to make the port of Boston,
not East or South Boston only, but the whole port, superior to every
other port in its accommodations, and possessed of greater facilities for
distributing and collecting cargo, which shall be handled always at lower
rates. The Commonwealth can have no rivalry with other wharf-owners.
It will take years to put her property in condition to receive steamers or
cargoes. Tf, in the mean while, business is not accommodated here, some
other port will take it. If business continues to be done here, it will
increase, so that, when the State can get docks upon her property, they
will all be needed, and needed, too, more rapidly than they can be sup-
plied. Clearly, then, it is not only the interest of the State, but the
duty of the Board, to facilitate in every possible way the building of
wharves and docks which will accommodate steamers of the largest size.
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In other ports of the world it has been found necessary to make radical
changes in the size and depth of docks, and in the arrangements of the
piers and the buildings therein, so as to accommodate the necessities of
steam navigation; and Boston must do the same thing if she desires to be
a port of large trade with steamers. None of the cities in the Old World
have escaped this, and the works now in progress in New York show how
she is meeting the necessity. Let, then, the wharf-owners commence
their work, and I am sure that the Board will aid them to the extent of
its powers. Co-operation is the only thing which will change the present
harbor front of the city proper into a series of piers and docks suitable
for steamer's use. This co-operation should not be delayed. With it
much can be done during the next summer to increase the facilities of
Boston, and to make wharves, which to-day are of little value, very valu-
able in themselves, and of great assistance in increasing Boston's impor-
tance as a seaport. In East Boston, in South Boston, at Charlestown,
both on the Charles and the Mystic, various parties are doing work which
should be pushed forward without delay. With all these completed, still
more room will be required, some of which, at least, must be found on
the State's property at South Boston. To properly improve this, is, as I
have said, a work of some years, and none of it can be made ready as
soon as it is wanted.
And it is in connection with this property especially that my visit to
Europe was made, and for the proper development of it that I have so
closely examined and so fully reported the present management of the
docks at Liverpool.
• The property at South Boston belonging to the Commonwealth con-
sists of some seven hundred acres of unfilled flats, of which perhaps one-
half is especially fitted for railroad and shipping purposes. Under the
existing laws this Board has the right, with the approval of the Governor
and Council, to make "contracts for the improvement, filling, sale, use,
or other disposition," of these flats; and an appropriation was made in
1878 for certain expenditures which existing contracts will absorb. An
act authorizing the building of a junction railroad to the flats is also in
force; but as there is now nothing belonging to the Commonwealth at
South Boston except partially filled flats, which it will take much longer
to prepare for use than it will to build a railroad, it is hardly probable
that a railroad will be built until the lands are more nearly in condition
for use. To the further loan of the State credit, even for improvements,
there are strong and well-founded objections; and to the grant of even a
portion of the land to parties who might make a large profit upon it
there is also a strong objection. Yet the land remains, and, that there
will be a demand for it as soon as it can be made ready for use, seems
beyond question. If any corporation now authorized could be made a
perpetual trustee, or if, in the absence of such corporation, a trust could
be created, which should be authorized, the fee of the land remaining
in the State, to borrow money upon improvements which should always
be devoted to commerce, somewhat upon the basis of the Mersey Docks,
and the management, like that of the Mersey Docks, to be in the hands
of those who contribute to its revenues, and with such other provisions
14 HARBOR AND LAND COMMISSIONERS. [Jan.
as would insure the reduction of charges as business increased, with no
interest to be earned upon the cost or value of the land, but only revenue
enough to pay the interest upon the cost of the improvements made, and
the necessary expenses for operating and maintenance, the required
improvements could be made without a donation of land, without the
further issue of the State's credit, and without appropriations from the
State treasury, provided the money for the proposed improvements could
be obtained upon the same kind of security for improvements in Boston,
as money is now and for many years has been obtained for improve-
ments in Liverpool. This security is nominally the rentals of docks and
piers, and the amount loaned is their cost; but the real security is the
continuance of the great commercial trade of the port. While Liverpool
continues a commercial port, there is confidence that a rental will be
received, sufficient, at rates which will retain commerce against all com-
petition, to pay the cost of maintaining and operating the docks there
in addition to the interest upon their immense cost of nearly one hundred
millions of dollars. If the same confidence exists as to the permanency
of Boston's increasing commerce, there would seem to be no question of
the ability of docks and piers, which pay no interest upon the cost of the
land, paying an interest upon the cost of the improvements thereon, in
competition with other docks and piers which must earn an interest upon
the cost of both the land and the improvements, and therefore but little
question as to the possibility of borrowing money in this country for all
improvements which might be required from time to time. But, if there
should be doubt about the loan being made here, I have good reason to
believe that the money could be had in Great Britain, and probably at a
low rate. There are two special advantages in this plan, besides those
named: first, it devotes to trade permanently a large tract which can be
utilized at the lowest possible rate for all time, and is therefore a benefit
to both city and State; and, second, it will make the rest of the State
property at South Boston of largely increased value.
Sometimes it is said that business passing through a place as it does
through Liverpool, and will through Boston, is of no material benefit.
Still, in Liverpool the Dock Board employ many thousand men, represent-
ing probably thirty thousand inhabitants of the city, who are paid directly
from the revenue of the docks, besides which are the many men employed
by the railroads in handling the merchandise received from or carried to
the docks, which together represent a population occupying many houses,
and requiring many tradesmen to supply their various needs ; all of which
business, besides the employment of the many men connected with the
shipping, which, in its turn, employs many tradesmen, mechanics, mer-
chants, and bankers, may be traced directly to the docks.
Such are the benefits of the adoption of the Mersey system in Liver-
pool; and, if my suggestions shall meet the views of the Board, I trust
that such legislation may be recommended and secured as may enable
work to be commenced and carried forward at South Boston upon a basis
which, while it increases the value of the property of the State, will
secure to Boston all the business which it can do with ships, and will
enable her also, for all time, to do it at the lowest possible rates. If
1881.] PUBLIC DOCUMENT — No. 11. 15
this can be accomplished, even in a small degree, I shall feel that the
time spent upon my trip has not been wholly wasted.
In conclusion, I desire to express my thanks especially to Messrs.
George Warren & Co. of Liverpool, who were untiring in their efforts to
secure to me all the information I desired ; to Mr. Lyster, the engineer
of the Mersey Docks, for his many courtesies, and for the time, informa-
tion, and introductions which he secured to me; to Mr. Gittins, the
secretary of the Liverpool Docks, for the valuable collection of documents
furnished to me ; to Mr. Forrest, the secretary of the Society of Civil
Engineers in Europe, for his many courtesies, and especially for his
letters of introduction to the engineers of the several ports which I
visited; to the resident engineers of these several ports, for their kind-
ness in furnishing me with every desired information; and to the various
commercial houses and government officials who assisted me so much in
my many inquiries.
WILLARD P. PHILLIPS.
Boston, December, 1880.
From this report, it is evident that many of the principal
ports in Europe are actively at work in preparing docks
suited to the requirements of the large steamers engaged in
the American trade, the extent of which is shown in part
by the large proportion of the whole trade at Liverpool ; and
the returns from the Liverpool docks show how largely the
average size of ships has increased since the introduction of
steam. All docks, therefore, which are intended for steamers
should probably be at least as wide, and the piers as commo-
dious, as those now building at Liverpool.
We agree with the views expressed in the report as to the
probable extent of the trade in Boston if the proper facilities
are furnished. We agree, too, in the suggestion that wharf-
owners in Boston should secure, by co-operation and without
delay, wharves suited for the accommodation of steamers.
We agree, too, that the Board should aid by every means in
its power the construction of new and the enlargement of
old wharves. And we believe that all this will but add to
the necessity of the rapid development of the property at
South Boston.
We join, too, in the recommendation of the report that the
attention of both the legislature and the merchants of Boston
should be directed to the necessity of providing for the con-
nection of all railroads with both the existing docks and
with all new docks built, so as to add to the advantages and
facilities of the port.
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We have been especially interested in the report of the sys-
tem of management of the Liverpool clocks. It is a system
which secures to commerce the lowest possible charges, every
requisite convenience, and permanency. If it could be adopt-
ed here, it would place the control of business in the hands
of the merchants themselves, and could not bat add materially
to the value of the Commonwealth's property at South Bos-
ton, even if one-half of it should be placed in a perpetual
trust for the benefit of trade which it would constantly
increase and develop. It would also avoid the use of the
State's credit, and would make unnecessary any further
appropriations. And we recommend such legislation as may
be needed to make a perpetual trust, in whose hands should
be placed such portion of the South Boston Flats as may be
required and suitable for dock purposes, and that to such trust
should be given such powers to borrow money for improve-
ments, as the legislature may from time to time authorize,
with the farther authority to issue bonds secured by future
rentals, with all necessary and proper restrictions. In the
trust the State should be represented, as is the Conservancy
of the Mersey in the Liverpool trust. The qualification of
members of the board of directors should also be properly
guarded. In the framing of such a bill very great care
should be used, and it is very probable that even with all
this care there would be some alteration or additional provis-
ion required before the lenders of money would be fully sat-
isfied. This might cause the delay of a year, and cannot be
afforded. Time is too valuable. While therefore we recom-
mend such legislation, and most heartily approve of it, we
also recommend further appropriations for the energetic con-
tinuance of work at South Boston. If the trust shall be
created, and shall assume control of the South Boston prop-
erty, the money expended by the State in improvements
would be reimbursed from the proceeds of the first bonds
issued ; and that should be one of the conditions precedent of
the trust. If these recommendations shall be followed, there
need be no delay either in the formation of the trust or in
the progress of the work of reclamation, and every thing will
have been done which can be to prepare the State's property
for the great business which will pour in upon it if it is sea-
sonably prepared to receive it.
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Back Bay Lands.
FEET.
In 1S57 there belonged to the Commonwealth, in the
Back Bay, so called 4,723,998
Of which there have been donated or transferred, —
as per last report . . . 314,740
In 1880 48,568
363,308
Devoted to streets and passage-ways, as
per last report 2,037,068.6
Sold, as per last report . 2,084,931.6
in 1880 . . . 110,857.45
2,195,7S9.05
Remaining on hand Dec. 31, 1880 . . 127,832.35
4,723,998
The gross proceeds of land sold have been
as per last report $4,307,722 17
In 1880 315,364 85
Rights in Parker Street sold as per last
report $2,200 00
In 1880 100 00
$4,623,087 02
— 2,300 00
$4,625,387 02
Cost of filling, grading, &c, as per last
report $1,626,008 71
auction sales, as per last report . 14,291 78
—
~
1,640,300 49
Net proceeds to Dec. 31, 1880 $2,985,086 53
Of the whole land belonging to the State in 1857, only
46.48 per cent has been sold ; the remainder, except 127,832.-
35 feet (2.706 per cent), having been given away or used in
streets. The State has already received a net profit of 63.19
cents for every square foot owned by it in 1857 ; and the
2,195,789.05 feet already sold have averaged $2.1054 per
square foot gross ; and, after deducting all the expenses
of filling, the 4,723,998 feet have yielded a net profit of
12,985,086.53, or $1.3594 per square foot sold.
The land sold during the year, and its location, is as
follows •- —
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Area in sq. ft. Location. Amount.
2,800.
25,345.6 .
9,810.6 .
9,773.25 .
14,224.
5,152.
10,752.
33,000.
Marlborough Street, north side .
Marlborough Street, south side .
Commonwealth Avenue, north side
Commonwealth Avenue, south side
Newbury Street, north side
Newbury Street, south side
Boylston Street, north side .
Boylston Street, south side .
$9,800 00
69,700 40
44,147 70
37,536 75
29,120 00
10,304 00
32,256 00
82,500 00
110,857.45 square feet, at an average of $2.8447
Lowest price, $2: highest price, $5.
• $315,364 85
The prices show a general improvement upon the prices
obtained last year ; and, with the continued advance in the
value of the land, it is expected that still higher prices will
be obtained for the remainder.
Upon the sales of the land there was no charge of . broker-
age, the Commissioners having made the sales directly to the
purchasers.
The land donated in 1880 was,—
FEET.
To the city of Boston, for Public Library on Boylston Street,
corner Dartmouth . 33,000
To the State Normal Art School, Newbury Street, corner of
Exeter 15,568
The value of which was at least $150,000.
48,568
The land still unsold is all beyond Dartmouth, and is
located as follows, viz. :—
Marlborough Street (north side) .
Commonwealth Avenue (south side)
Newbury Street (north side)
" " (south side) .
Boylston Street (north side) .
" u (south side) .
. •
FEET.
19,577.6
. 6,411.75
31,584
26,208
57,792
36,176
7,875 44,051
Total square feet 127,832.35
The value of this remaining land must be over $300,000.
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Received from Tide Lands.
There has been received during the year, under Chap. 284
of the Acts of 1874, for land of the Commonwealth occupied
by wharves or other structures in tide-water, the sum of
$27,484.82; and one or more licenses are pending, wherein
the amount to be paid is not yet determined.
Charles River Basin.
In view of the various projects for encroachment upon
Charles River Basin, and the fact that the harbor-line on
the Cambridge side had been the subject of careful revision
in 1878, it was deemed inexpedient to include that area in
the re-statement of harbor-lines made last year. There are,
however, many reasons why the policy which is to govern
the treatment of this portion of the harbor should be defi-
nitely determined. The city of Boston has asked, and its
application is now pending before the legislature, for a strip
two hundred feet wide on the Boston side, extending from
Cragie's Bridge to a point nearly opposite the junction of
Brookline Avenue with Beacon Street, to be occupied for
park purposes. The owners of flats on the Cambridge side
desire to occupy to the present harbor-line for building pur-
poses, and to enhance the value, of their land within the line,
by improving a strip outside the line two hundred feet wide
for park purposes, in harmony with the plans of the Park
Commissioners on the Boston side. Chap. 25 of the Resolves
of 1878 gave certain powers to the Land Commissioners which
plainly contemplated reclaiming a part of the Common-
wealth's portion of the basin for sale as land. Every con-
sideration affecting navigation, health, or the comfort and
beauty of the locality, demands that so much of the basin as
is not to be reclaimed should be deepened ; and, that no
work to this end may be wasted, it is important to know
just what is to remain open. The area between West
Boston Bridge and Brookline, which forms the upper basin,
comprises about six hundred and fort}^-six acres ; of which
two hundred and forty-nine acres are the property of the
Commonwealth, about three hundred and thirty-four acres
belong to riparian owners on the Cambridge side, and the
remaining sixty-three acres to private parties on the Boston
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side. The average width opposite the Mill-Dam is about
thirty-four hundred feet. If filling is permitted to the
present harbor-lines and no encroachment permitted beyond
those lines, the open basin will then contain about four
hundred and thirty acres, or two-thirds the present area, of
which the Commonwealth will still own two hundred and
forty-nine acres, the riparian owners on the Cambridge side
one hundred and fifty-five acres, and the riparian owners on
the Boston side twent}~-six acres. The basin would then be
about twenty-three hundred feet wide, measuring opposite
Fairfield Street.
All private ownership in the land covered by the basin,
except in a few instances on the Boston, side where rights
to fill have already been granted, is subject to the public
right of flowage by tide-water ; and there is no obligation
to relinquish this right of flowage save as the public inter-
ests may be served thereby. This is true of the area within
the harbor-lines, as well as of the area without those lines.
Encroachment upon the area of tide-water, which could
not be permitted for the purpose of promoting private gain,
may sometimes be wisely allowed for public purposes, as for
the promotion of the public health, or facilitating public
travel. Gain to the public treasury is a public benefit
which it is legitimate to weigh against public advantages
surrendered. As a large expenditure of public money
would be unwise to secure a small advantage to the harbor,
so a large gain to the public treasury may be wisely secured
by concessions which involve but slight disadvantage. To
justify encroachment upon a natural provision for one public
purpose, to secure another public object, it should, however,
be very clear that the advantage to be secured outweighs the
disadvantage involved; and all presumptions in case of doubt
should be in favor of preserving natural advantages.
If the cost of converting a strip two hundred feet wide
on the Boston side of the basin into a satisfactory park will
equal the value of such park when constructed, then there
is no gain to the public from such encroachment. Nearly
one-half the sea-wall which would be required to retain the
proposed embankment in the upper basin must be built in
deep water, in the main channel, at large cost; and a consid-
erable part of the filling occasioned would be in the deepest
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part of the basin. Whether the money required to construct
the embankment, even if the land were given, would not do
more for park purposes in the purchase of land requiring less
change to adapt it to such use, is a question for the city only,
except so far as it may assist us to determine the importance
of the public benefit to be secured by surrendering this por-
tion of the basin for such use. It ought to be stated, that
the portion in question is not now, or likely to become, a
nuisance : nearly one-half of what lies in the upper basin is
now deep water, and the remainder is that, the deepening
of which will be most readily secured; while in the lower
basin, all the area which it is proposed to occupy for the
embankment is covered by a fair depth of water at all
stages of the tide.
It would be difficult to estimate very closely what might
be realized to the public treasury by reclaiming a portion of
the Commonwealth's land on the Boston side of the basin
for sale as land. The Board recognize that it is as incum-
bent upon them to study the property interest which the
State has in the basin, as it is to ascertain the advantage
or disadvantage to the harbor which may follow changes
therein. If the reclamation of a single row of building-lots,
extending from Arlington Street to the western end of the
Mill-Dam, could be effected in connection with the park occu-
pation, making the embankment perhaps three hundred and
ten feet outside the present harbor-line instead of two hun-
dred feet, it would not be unreasonable to anticipate a profit
to the treasury of from seven hundred and fifty thousand
dollars to one million dollars, according to the prices which
should be obtained for the land sold. If the reclamation
were made independent of co-operation by the city, sufficient
land being filled for one row of lots, with a wide ornamented
street in front, on the border of the basin, the profit would
not be large ; and in view of the depth of water, and the large
cost of the sea-wall, it is not certain that such independent
reclamation could be advantageously undertaken, aside- from
the question of its effect upon the harbor.
The filling which the riparian owners on the Cambridge
side desire to make, is upon flats of which they own the fee.
No grant of land is involved ; but the surrender of the right
of flowage might be as important to the public as a grant of
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land, and cannot be made thoughtlessly. The authority to
fill would hardly be granted, and probably would not be
asked, without compensation in some form for the tide-water
to be displaced. It is proposed that compensation be made
by filling with material dredged from the basin. The mate-
rial forming the bed of the basin is believed to be in large
part equal to gravel from the country, and it is probably
practicable to make the entire filling with dredged material
;
but, making some allowance for inequality of depths, which
may be necessary to secure the required quantity of the best
materia], it is more prudent to estimate that only the amount
of material needed to raise the reclaimed land to grade ten
can be counted effective for securing a uniform depth in the
basin. On this basis, if the Cambridge flats are reclaimed
to the harbor-line, and no encroachment on the Boston side
is permitted beyond the existing harbor-line, the bed of the
basin remaining will be dredged to grade four below mean
low water, thus giving at ordinary low water a minimum
depth of four feet, and at low water of extreme spring .tides
a minimum depth of two feet, with considerable portions
of the basin much deeper. This is probably sufficient to
remove all danger to health, and all annoyance from offen-
sive odors ; and opportunity would be likely to occur from
time to time to obtain other dredging. The Board would
hope that a depth of twelve feet might be eventually ob-
tained. No legislation is required to authorize filling to the
harbor-line, as the general laws are sufficient ; but the pro-
prietors say that the proper development of their land will
require the devotion of a part of it on the border of the basin
to ornamental purposes, and that the cost of reclamation is
so large, that the amount of land available for sale will not
be sufficient to make it certain that their enterprise would
result advantageously. They also say that a strip two hun-
dred feet wide beyond the harbor-line can be enclosed with
ho increase of expense for the sea-wall, and that if they can
be allowed to occupy such strip solely for park purposes, in
harmony with the plans of the Park Commissioners on the
Boston side, it would materially aid their enterprise. It
would in no case be admissible to permit such occupation
in the narrow neck of the basin, immediately below Brook-
line Bridge ; but, if it were permitted from the point where
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the space between the harbor-lines begins to widen mate-
rially to West Boston Bridge, the area of the basin which
would then remain would be about three hundred and
ninety-six acres, and the minimum depth of water would
be increased about eighteen inches, making five feet six
inches at ordinary low water. The park gained by such
extension would have this advantage over that proposed on
the Boston side, that it would be secured to the public with
no expenditure of public money at the outset in its construc-
tion, and it would occupy what is now the shoal part of the
basin, instead of what is the deepest. If this extension is
granted, it will render much more objectionable that pro-
posed on the Boston side. If the park embankment on the
Boston side is permitted, and that on the Cambridge side
refused, the area of the upper basin, which would then
remain, would be about three hundred and ninety acres,
and the minimum depth would be increased about two feet,
giving six feet at ordinary low water. If both were per-
mitted, the width of the basin would be reduced to nine-
teen hundred feet opposite Fairfield Street, its area to about
three hundred and fifty-six acres, and its minimum depth
increased to nearly eight feet at ordinary low water. It is
of course assumed that no filling will be permitted unless
dredging is required in connection with it.
The relative importance of the different public interests
involved must be determined by the legislature; but on
a careful study of the interests of the harbor, which it is
the province of this Board to protect, it does not seem
admissible to permit any encroachment upon the area of
either basin beyond the present harbor-line, except as already
provided by statute, to abate a nuisance at the abrupt angle
in the line on the Boston side. If the desired deepening of
the whole basin could be secured within a reasonable time,
the Board would incline to preserve it intact ; but it is not
clear that this could be accomplished within the time which
the public would be willing to endure the flats in their pres-
ent condition. If the Board were re-stating the harbor-line
on the Boston side, they would make a curve at one point
where now there is an abrupt angle ; but the only purpose
of making such change is fully answered by Chap. 247 of
the Acts of 1866, which permits the city of Boston to oc-
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cupy in said angle to a curve therein described, and to appro-
priate the land so reclaimed for ornamental grounds or for
a street, and otherwise they would advise no change in the
line on either side.
The Board do not wish to exaggerate the effect upon the
harbor to be anticipated from filling any part of these basins.
It is easy to overstate the mischief that would follow, and it
is quite possible that it has been overstated in the earlier dis-
cussion of the value and functions of the interior basins of
Boston Harbor ; but, after making all reasonable concession
for over-statement and zeal on the part of advocates of special
scientific theories, the sober judgment of all who are familiar
with the discussion and with the experience in the important
harbors of the Old World must be, that the value of these
interior basins is ver}^ great, and their preservation very im-
portant. At no time in the history of Boston has the impor-
tance of its harbor to its future growth, and through its growth
to the growth of the State, been more apparent than now.
The magnitude of the foreign commerce which the country
is certain, to have, and the share of it which Boston may
reasonably expect to obtain, is but just beginning to be out-
lined ; but enough is already seen by all who have given the
subject attention to make it clear that we cannot wisely be
indifferent to any causes which may impair, in even a slight
degree, the excellence of its harbor. The value of tidal reser-
voirs as aids in securing and maintaining the desired depth
of water at points below such reservoirs is receiving increased
attention in the ports of the world which are now making
the largest expenditure to meet the demands of modern com-
merce ; and there should be great caution in relinquishing
'any advantage which the harbor of Boston possesses in this
direction. The basins of the Charles River are the most
valuable of the reservoirs which remain. A large reservoir
capacity at Prison Point Bay has been surrendered for the
abatement of a nuisance to the public health, and it seems
the more desirable to retain all of that which remains which
it is possible to retain. The filling which may be authorized
in the upper basin within the existing harbor-lines will reduce
its capacity as a tidal reservoir 2,319,140 cubic yards; the
strip which the Cambridge proprietors desire to improve out-
side the line, not continued into the neck of the basin, would
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reduce it further 550,865 cubic yards; and the embankment
desired by the Park Commissioners on the Boston side would
effect a reduction of 643,000 cubic yards. It should be re-
membered that these quantities do not fully measure the loss,
as the tide-water which lies at the highest plane here is the
most effective in its work below, and the loss which will follow
these encroachments, particularly upon the Cambridge side,
is of tidal volume which lies at the higher plane, while the
partial compensation made by dredging is of tidal volume at
a lower plane. The obstructions of the outlet to these basins
have seriously impaired the value of the reservoirs in ques-
tion, and complicate the problem of their treatment ; but it
is not impossible that these obstructions may be much modi-
fied in the future, so that the power of the tidal flow may be
more fully realized. It should increase the caution with
which any portion of the interior reservoirs are given up,
that the dredging in the harbor below has very much in-
creased the area of channel depth to be maintained, and this
will be still further increased in future. As the work which
the flow of the tides is expected to perform is increased, there
should be care taken that their volume is increased rather
than diminished.
The proprietors on the Cambridge side desire that they
may be authorized to build a bridge to the Boston side be-
tween the Brookline and West Boston Bridges. It is probable
that a bridge at this locality will be required, and authority
has once been given to the two cities to build one by Chap.
314 of the Acts of 1874 ; but this authority has expired. If
it is thought wise to renew the authority, or to give it to
other parties, or to allow this Board to do so, legislation would
be necessary.
The opinion of Professor Henry L. Whiting upon the
physical consequences of the proposed encroachments was
sought by the Board in its study of the question ; and his
report will be found in the Appendix.
Harbor-Lines at East Boston.
The harbor-line at East Boston was established by Chap. 35
of the Acts of 1840, and from time to time parties were
authorized to extend their wharves to the harbor-line. Prior
to 1866 there was no Board to supervise the construction of
4
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the wharves authorized, and each party ascertained the posi-
tion of the harbor-line for himself. It has resulted that a
number of wharves, now ancient, are in fact beyond the
harbor-line ; and some which the owners desire to extend to
the line of the wharves upon either side of them cannot be so
extended, because the harbor-line is in fact within the line
which has been acted upon as the true line. The extensive
plans for development of the more easterly part of the East
Boston frontage which were known to be in progress led the
Board to delay a re-statement of the line upon that side of
the harbor, in connection with that established upon the front-
age of the city proper by the Act of 1880. The Board are
still unprepared to recommend a line for the whole frontage
;
but the difficulties which have recently come to their knowl-
edge, in connection with the position of old wharves in rela-
tion to the existing line, has led them to consider whether it
might not be wise to repeal the existing line, and leave that
frontage without a harbor-line till the studies are ripe for a
comprehensive treatment of the whole. The practical effect
would not be as serious as formerly, as under existing laws
licenses for structures may be given where there is no harbor-
line ; but, in lieu of the restriction of the established line,
such licenses must have the approval of the Governor and
Council.
The Boston and Albany Railroad Company desire to extend
piers beyond the present harbor-line to a point in line with
the other piers at their terminal grounds. Such extension
would cross a channel by which wharves lying easterly are
now approached ; but the railroad compan}^ are willing to
excavate a channel of equal capacity through the shoal lying
outside, and the Board are advised by experts that the cur-
rents are not such at this point that any physical injury to
the harbor would result from turning the channel as desired.
The extension would furnish accommodation much needed,
and the Board desire to grant it if upon full study there shall
appear no insuperable obstacles. If the entire harbor-line at
East Boston should be repealed, as above suggested, no other
legislation would be requisite to permit this extension ; but
if the line should remain as now established, the Board rec-
ommend the passage of the bill for this purpose, given in the
Appendix.
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Re-survey of Boston Upper Harbor.
In addition to the points of triangulation determined by
the work of Mr. Francis Blake, jun., of the United States
Coast and Geodetic Survey, and given in a list of geographi-
cal positions, together with his report in the Appendix of the
Report of the Board for 1875, a further determination by
triangulation has been made, under the direction of the
Board, by Mr. William E. McClintock, of the initial points
in the harbor-line of so much of the frontage as has been
included in the topographical survey. A list of these geo-
graphical positions will be found in the Appendix in the form
heretofore presented, which is uniform with that adopted by
the Coast Survey. All additional data for determining the-
relative positions of wharves in reference to the established
harbor-line will be furnished, on application, from the archives
of the Board.
Compensation of the Board.
The members of the Board feel very strongly that the
provision of law for their compensation is inadequate for the
service which the position requires. With the consolidation
of work formerly in charge of separate boards, the duties
have ceased to be occasional, and demand daily attention
from all the members. While it was not expected that
the entire time should be given, it is found practically that
there is very little time that can be given to private busi-
ness which is not subject to frequent interruption from the
necessary demands of the public work. If the per diem
measure of the service was best while the work was in
large degree experimental, it has ceased to be even approxi-
mately just. The time and character of service vary from
attention to pure routine work for two or three hours, to the
closest application to matters responsible and exhausting,
continued through the entire day and late into the night.
Whatever is deemed the proper compensation of the Board,
it would seem more just and fitting that it should be meas-
ured by annual salaries. The questions with which the
Board has to deal demand a quality of service that is entitled
to liberal compensation. If they do not have this, it ought
to be made possible to secure it. The aggregate transactions
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of the Board are of sufficient pecuniary consequence to the
Commonwealth to make it important that such service be
had, as the indirect cost of inefficient service may be very
large. It seems a plain duty to present these views for such
action as may be thought proper : if sound, they concern the
efficiency of the Board, and thus the interest of the Common-
wealth, more than the personal interest of any member.
Special Compensation.
The amount of special and exceptional work which was
devolved upon the present Board during its first official year
was so large, that it seems to the Board just that special pro-
vision should be made therefor.
A large amount of time was occupied in connection with
hearings before referees upon the claim of Clapp and Ballou.
The active demand for land upon the Back Bay which began
in October, 1879, required close attention and much time
from all the members. The sales amounted to $556,652.35,
and were effected entirely without the payment of commis-
sions to brokers or auctioneers. Special duties with the Rail-
road Commissioners under Chap. 45 of the Resolves of 1879
also claimed considerable time. The more important special
service growing out of negotiations relating to the land at
South Boston, and the protracted hearing before the legisla-
tive committee arising out of one phase of those negotiations,
involved a large amount of labor. Much of this work was
professional in character, and all of it was responsible and
exhausting. The hearing resulted in a sale under Chap. 260
of the Acts of 1880, amounting to $1,108,165. There is no
provision under which any allowance can be made for extra
or professional service by members of the Board, nor would
they suggest such provision for any moderate amount of
such service ; but the extent of that in question exceeds
what can with justice to themselves be rendered without a
request for compensation. It would seem to be in keeping
with existing legislation to authorize the Governor and Coun-
cil to allow such sum as should appear to them reasonable,
subject to such limit as to amount as may be thought proper.
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Office and Field Work.
During the last year the operations of the Board connected
with harbors and tide-waters have been in excess of those in
any previous year. The number of licenses granted have
also been larger than heretofore issued in one year. The
demand for maritime facilities in Boston Harbor continues
in about the same proportion with that in other harbors
and coast localities; the applications for authority to build
wharves and other structures in Boston Harbor being about
one-fourth of the number presented. In connection with
these improvements, the attention of the Board has been
called to most of the harbors of the Commonwealth.
The following statistics, in the usual form, show the
particulars of the work :—
Plans approved by the Board of Harbor and Land Commissioners during the
Year 1880, for the Erection of Structures in and over Tide-water, and
Licenses granted for such Structures.
£5os.
512. Kidder, Vaughan, & Co., for leave to construct a wharf in Chelsea
Creek, East Boston. Approved Jan. 15, 1880.
513. Henry S. Sterling, for leave to extend his wharf at North Pocasset
Buzzard's Bay. Approved Jan. 29, 1880.
514. Old Colony Railroad Company, for leave to widen its drawbridge
and extend its draw-piers over Neponset River. Approved Feb.
5, 1880.
515. John C. Rhodes, for leave to construct a solid wharf at Mattapoisett.
Approved Feb. 19, 1S80.
516. George Curtis, for leave to straighten the line of his wharf in Rox-
bury Canal. Approved Feb. 27, 1880.
517. A Cochrane & Co., for leave to extend their wharf on Mystic River.
Approved March 4, 1880.
518. William Rackliff, for leave to extend his wharf at " Oak's Cove,"
Gloucester Harbor. Approved March 18, 1S80.
519. L. G. Burnham and others, for leave to build bridges across Dean's
and Hog Island Rivers, in the town of Essex. Approved March
18, 1880.
520. Fitchburg Railroad Company, for leave to fill land and flats between
its road and Eastern Railroad, in the city of Somerville. Ap-
proved March 18, 1880.
521. Boston and Albany Railroad, for leave to cover with a pile structure
Dock No. 7, and extend Pier No. 7 of Grand Junction 'Wharves,
East Boston. Approved March 25, 1880.
522. R. W. Bowles, for leave to construct a wharf at Mattapoisett.
Approved April 29, 1880.
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523. William Hale, for leave to extend his wharf on Merrimac River,
Haverhill. Approved April 1, 1880.
524. Haverhill Steamboat Express Company, for leave to place a floating
wharf on Merrimac River, near Salisbury Point. Approved April
7, 1880.
525. Edward P. Shaw, for leave to place a floating landing on Merrimac
River, near Salisbury Point. Approved April 7, 1880.
526. New Bedford Yacht Club, for leave to construct a pile wharf near
Jfcpe's Island, New Bedford Harbor. Approved April 7, 1880.
527. George Perkins and William H. Perkins, jun
,
for leave to extend
their wharves in Gloucester Harbor. Approved April 22, 1880.
528. Town of Dennis, for leave to construct a solid roadway across
Sesuit Creek. Approved April 22, 1880.
529. Henry S. Sterling, for leave to extend his wharf at North Pocasset,
Buzzard's Bay. Approved May 6, 1880.
530. Fitchburg Railroad Company, for leave to build an addition to its
Miller's River freight-yard. Approved May 6, 1880.
531. Fitchburg Railroad Company, for leave to construct a bridge in
Miller's River, to connect its freight-yard with Prison Point
Bridge and Austin Street. Approved Sept. 4, 1880.
532. Horatio and J. A. Wellington, for leave to fill their dock west of
Bridge Street, East Cambridge. Approved May 6, 1880.
533. Foster's Wharf Company, for leave to straighten the easterly side
of its wharf on Fort Point Channel. Approved June 24, 1880.
534. City of Boston, for leave to rebuild a portion of Chelsea Bridge.
Approved May 13, 1880.
535. Charles A. Ropes, for leave to extend his wharf on South River,
Salem Harbor. Approved May 20, 1880.
536. James N. Buffum & Co., for leave to extend their wharf in Lynn
Harbor. Approved May 20, 1880.
537. Robert Scott, for leave to drive piles to define the Commissioners'
line on South Boston Point. Approved May 27, 1880.
538. Boston and Albany Railroad Company, for leave to construct an
additional drawbridge over Broad Canal, East Cambridge. Ap-
proved June 9, 1880.
539. Fitchburg Railroad Company, for leave to fill land and flats in Mil-
ler's River, Charlestown District. Approved June 3, 1880.
540. Henry D. Baxter, for leave to construct a boat-pier at Hyannisport.
Approved June 7, 1880.
541. Board of Health of the Town of Swampscott, for leave to extend its
drains on Blaney's Beach, Swampscott. Approved June 10, 1880.
542. William F. Green & Son, for leave to extend their wharf on Border
Street, East Boston. Approved June 10, 1880
543. Charles L. Pearson, for leave to rebuild and extend his wharf on
Fort Point Channel, Boston. Approved June 10, 1880.
544. Lynn and Boston Railroad Company, for leave to build a temporary
bridge in Mystic River. Approved June 10, 1880.
545. M. A. H. Procter, for leave to build a wharf at Plum Island,
Ipswich. Approved June 17, 1880.
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546. Thomas McKinney, for leave to build a wharf on the west side of
Grape Island, Ipswich. Approved June 17, 1880.
547. City of Lynn, for leave to extend and enlarge the " Engine House "
lot on Broad Street, Lynn. Approved June 17, 1880.
548. William C. Poland & Son, for leave to construct a wharf at Moon
Island, Boston Harbor. Approved July 12, 1880.
549. Boston Tow Boat Company, for leave to build a pile pier at East
Boston. Approved July 22, 1880.
550. City of Cambridge, for leave to build a pile structure across Charles
River for the support of a water-pipe. Approved July 29, 1880.
551. Joseph F. Paul, for leave to fill solid part of his wharf near Dover-
street Bridge. Approved July 29, 1880.
552. Boston and Albany Railroad Company, for leave to widen Pier No.
7, and deepen Dock No. 8, Grand Junction Wharves, East Boston.
Approved July 29, 1880.
553. City of Haverhill, for leave to improve the draw-ways of Rock's and
Groveland Bridges across Merrimac River. Approved July 29,
1880.
554. Lynn and Boston Railroad Company, for leave to build a temporary
bridge in Mystic River, north of north draw of Chelsea Bridge.
Approved July 22, 1880.
555. New York and New England Railroad Company, for leave to build
a platform in the Boston and Albany Railroad Company's Dock at
South Boston. Approved Aug. 5, 1880.
556. City of Chelsea, for leave to rebuild its part of Chelsea Bridge. Ap-
proved Aug. 12, 1880.
557. Eastern Railroad Company, for leave to fill solid Mill Creek Bridge
on the line of its road in Essex. Approved Aug. 12, 1880.
558. Pasque Island Corporation, for leave to construct a wharf at Pasque
Island, town of Gosnold. Approved Aug. 19, 1880.
559. Gosnold Mills Corporation, for leave to extend its wharf in New
Bedford Harbor. Approved Aug. 26, 1880.
560. Eastern Railroad Company, for leave to fill solid its main track
between Austin Street and the crossing of the Fitchburg Railroad,
Charlestown District. Approved Sept. 2, 1880.
561. Hull and Nantasket Beach Railroad, for leave to construct its road
across tide-water in the town of Hull. Approved Sept. 16, 1880.
562. City of Boston, for leave to construct a temporary dam in South
Bay. Approved Sept. 16, 1880. '
563. Mary J. Healey, for leave to construct a pile wharf in Dorchester
Bay. Approved Sept. 16, 1880.
564. Washington Allen, for leave to build a stone pier on Scraggy Neck
in Sandwich. Approved Oct. 12, 1880.
565. Edward P. Shaw, for leave to place a floating landing on Merrimac
River, near Salisbury Point. Approved Sept. 23, 1880.
566. Butchers' Slaughtering and Melting Association, for leave to build
a sea-wall and fill flats on Charles River, Brighton District. Ap-
proved Sept. 30, 1880.
567. Proprietors of Tide Meadows in the town of Salisbury, for leave to
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fill solid two bridges on the line of the Eastern Railroad. Ap-
proved Sept 30, 1880.
568. John Gary and the heirs of John Wesson and Abel Fitz, for leave to
extend Tuft's Wharf on Charles River, Charlestown District.
Approved Nov. 4, 1880.
5G9. Francis E. Foster, for leave to re-construct his wharf on Mystic
River, Medford. Approved Oct. 8, 1S80.
570 Salem and Magnolia Steamboat Company, for leave to construct a
wharf on Salem Neck, Salem Harbor. Approved Oct. 8, 1880.
571. Salem Bay Yacht Club, for leave to construct a wharf on Salem
Neck, Salem Harbor. Approved Oct. 8, 1S80
572. Standard Sugar Refinery, for leave to extend its wharf on Fort
Point Channel, South Boston. Approved Nov. 11, 1880.
573. Revere Beach Land Company, for leave to construct a bulkhead,
and fill the area enclosed by the same near Cherry Island Bar,
Revere. Approved Nov. 18, 1880.
574. Fitchburg Railroad Company, for leave to extend its wmarf on
Charles River, Charlestown District. Approved Nov. 27, 1S80.
575. Boston and Albany Railroad Company, for leave to extend its Dock
No. 3, Grand Junction Wharves, East Boston. Approved Dec. 9,
18S0.
576. Benjamin Low, for leave to extend his wharf in Gloucester Harbor.
Approved Dec. 9, 1880.
577. Thomas B. Tripp, for leave to construct a wharf in Clark's Cove.
Approved Dec. 16, 1S80.
578. Andrew W. Dodd, for leave to extend wharf in "Vincent Cove,"
Gloucester Harbor. Approved Dec. 23, 1880.
579. Benjamin F. Cook, for leave to extend his wharf in "Vincent
Cove," Gloucester Harbor. Approved Dec. 23, 1880.
580. Heirs of William Collins, for leave to extend their wharf in "Vin-
cent Cove," Gloucester Harbor. Approved Dec. 23, 18S0.
581. Chresten Nelson, for leave to extend his wharf in " Vincent Cove,"
Gloucester Harbor. Approved Dec. 23, 1880.
582. Ellerton L. Dorr, for leave to construct a wharf on Peters Neck,
town of Wareham. Approved Dec. 23, 1880.
583. George Peabody, for leave to extend Fiske's Wharf to harbor line,
Boston Harbor. Approved Dec. 31, 1880.
584. John McKinnon, for leave to build a wharf on Belle Isle Creek,
East Boston. Approved Dec. 31, 1880.
585. Pacific Guano Company, for leave to extend its wharves at Woods
Holl, Town of Falmouth. Approved Dec. 31, 1880.
586. Boston and Albany Railroad Company, for leave to rebuild sea-wall
in Dock No. G, Grand Junction Wharves, East Boston. Approved
Dec. 31, 1880.
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Harbor Improvements by the General Government.
The work of the General Government in the harbors and
rivers of the Commonwealth during the year have been of
unusual interest and importance. That in the section north
of Cape Cod has been in charge of Gen. Thom, and that
in the section south of Cape Cod in charge of Gen. Warren.
These officers have at the request of the Board kindly fur-
nished detailed accounts of the operations in their charge,
which will be found in the Appendix, and to which attention
is called.
The great improvements which have been accomplished
under the liberal policy of the General Government, not
alone in Boston Harbor, but in the rivers and smaller har-
bors of the Commonwealth, cannot fail to have a marked
effect upon the prosperity of the State. The projected works
on the Merrimac and Charles Rivers at Nantucket, Woods
Holl, and Wareham, are worthy of attention and encourage-
ment on the part of the State.
The plan of opening the Connecticut River for navigation,
with a depth of eight feet to Holyoke, and the possible ex-
tension of navigation still further up the river, deals with
what is not tide-water, nor yet a harbor, but the Board ven-
ture to commend the measure as one of much practical
importance to the Commonwealth.
The people of Edgartown have been with good cause
much interested in the consequences to their harbor from
the closing of the inlet through Cotamy Beach, and are
moving to secure the renewal of efforts by the General
Government to re-open this inlet. The Board desire to
second heartily this movement, and will co-operate with
the efforts being made to secure the favorable action of
Congress.
ALBERT MASON.
WILLARD P. PHILLIPS.
FRANCIS A. NYE.
Boston, Jan. 1, 1881.
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APPENDIX.

APPENDIX.
[A.]
PHYSICAL CONSEQUENCES OF ENCROACHMENT UPON
CHARLES RIVER BASIN.
In- discussing the subject, as above defined, it can be more syste-
matically treated by considering the two geographical sections sepa-
rately : namely, the water-space between Brookline and West Boston
Bridges, which will be called, for the purpose of distinction, the Upper
Basin ; and the water-space between West Boston and Cragie Bridge,
which will be called the Lower Basin.
The natural and physical conditions of these basins are also of distinc-
tive character.
The Upper Basin is a shallow water, with large areas of flats, dry at
low tide, occupying much of its space, and through which a compara-
tively narrow channel of unequal depth and width forces its way.
The Lower Basin is of smaller area, with its channel portion compara-
tively larger, deeper, and more regular in form. The more contracted
natural water-way between the firmer shores of the north end of the city
proper and East Cambridge have formed a deeper channel, which con-
tinues this general character through the lower sections of the river to
its confluence with Chelsea Creek and the Mystic ; and in it3 original
natural state was one of the deepest, if not the very deepest, section of
the arms of the inner harbor, and still so remains.
The value of these interior basins, as reservoirs, has been much af-
fected by the obstructions which, from time to time, have been allowed
to encumber the outlet of the river ; and the treatment of them, as fac-
tors in the conservation of the main harbor, made difficult and uncertain.
In the Ninth Report of the United States Advisory Council for Boston
Harbor, pp. 11, 12, they say, " In the case of Charles River and its adja-
cent basins, the bridges offer at present too much obstruction to make a
full reduction of flats and marshes serviceable. When the bridges which
now encumber the mouth of Charles River and distort its bed are im-
proved by the introduction of such systematic and uniform constructions
as will increase the water-ways, and correct the present disorderly flow
of the stream, it will be practicable to enlarge the tidal prisms here
38 HARBOR AND LAND COMMISSIONERS. [Jan.
described (of the basins above). Tn the existing state of things, we do
not advise any excavations below the half-tide plane."
Much as it may be desired to improve constructions, and more particu-
larly to remove obstructions, no precedent in the history of our legislation
applicable to such cases can be found of acts effecting restoration of
water-ways and water-spaces, or the removal of encroachments upon
them, although frequently done elsewhere. It seems, therefore, only
practicable to consider conditions as they are, and to deal with difficulties
as they exist, and to so study and prescribe the better modes of change
and adaptation to what may be the necessary demands of commerce and
requirements consequent upon the steadily increasing proportions and
importance of the port and city.
in the scheme of revised harbor-lines for the basins of Charles River,
which was recommended by the Board, a careful study was made of the
adjustments of filling and excavation, and a system of lines devised
which left the tidal prism of these basins intact. The details of this
plan were stated in the Seventh Annual Report of the Harbor Commis-
sioners for 1873.
Upon the petition of riparian proprietors on the Cambridge side of
the Upper Basin, the lines established in 1873 were changed by subse-
quent legislation (Chap. 77 of 1878), and a harbor-line established on
the Cambridge side of the basin, which lessened its reserved water-area
by about sixty acres, and its tidal prism by about 885,304 cubic yards. A
statement of particulars in regard to the changes which were subsequently
effected was made in the Annual Report of the Harbor Commissioners
for 1877.
On Aug. 30, 1872, licenses were granted under Chap 236 of the Acts
of 1872 to George Griggs and others, Edward Atkinson and others, and
to the Boston and Roxbury Mill Corporation, to build a sea-wall and fill
solid behind the same on the southerly side of the Upper Basin out to the
harbor-line. A detailed statement concerning this matter was given in
the Seventh Annual Report of the Harbor Commissioners (1873). Work
has been done in substantially carrying out the plans proposed, although
it is not yet completed.
In the Lower Basin no change has been made in the harbor-lines as
they existed at the time of the studies by the United States Advisory
Council.
On July 8, 1874, the Board granted a license to James A. Woodbury
and others, whose interests were afterwards merged in the Cambridge
Improvement Company, to fill flats on the Cambridge side of the Lower
Basin within the harbor-line. This contemplated the occupation of a
large area, about fifty-five acres, and the displacement of about 802,080
cubic yards of tidal prism. The arguments and conditions of the license
granted were stated in the Ninth Annual Report of the Harbor Commis-
sioners for 1875. The operations of this company have been suspended,
although something has been done in partially carrying out the original
plans of filling and excavation ; but, as the work is in an unfinished
state, no surveys have been made by which its present condition can be
ascertained with precision.
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Li the changes made in the basins of Miller's River and Prison Point
Bay, the loss of reservoir capacity, or tidal prism, is much in excess of
any compensating excavation ; in fact, but little dredging has been done
excepting some minor work in what remains of Miller's River. Compen-
sation in money has been paid for a part of the tide-water displaced, but
at a merely nominal price; the total amount received by the Common-
wealth for the loss of these reservoirs being $11,620 (?). If their full
value had been paid, as estimated by the Advisory Council at the cost of
compensation in kind, the amount would have been $520,000.
A statement was made, in full detail, of the history of the disposition
of those basins, in the Annual Report of the Board for 1877, from which
the following extract is made:—
" Of the original bay, which comprised 64.8 acres, subject to the fourth
section of the law of 1866 establishing the Board of Harbor Commission-
ers, 12.8 acres have been filled; there now remain unfilled 52 acres. Of
the 12.8 acres filled, 7.3 acres have been reclaimed without authority; and
of the 52 acres still unfilled, 29 acres have been licensed subject to com-
pensation for tide-water displaced ; so that there remain only 23 acres of
tide-water, over which the Commonwealth retains any jurisdiction in the
interest of harbor preservation."
The following is a tabular statement of the data which have formed
the subject of the preceding remarks:—
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From as close a measurement and estimation as our data afford, some
of which is not precise, the loss of reservoir capacity, or tidal prism, in
the two basins of Prison Point Bay and Miller's River, amounts to about
1,384,600 cubic yards.
As the judgment and estimates of the Advisory Council were based
upon the combined active functions of all the inner basins of Charles
liiver, the loss of so much of those of Prison Point Bay and Miller's River
makes it still more important to retain all the tidal power they yet possess
in the remaining basins.
In the report of the Advisory Council, before referred to, the tidal
prism of the inner basins of Charles River are given as follows: —
Between Brookline and West Boston Bridges
Between West Boston and Cragie Bridges
Prison Point Bay and Miller's River
CUBIC YARDS.
9,259,900
2,082,500
1,846,215
13,188,015
The loss of tidal prism in these basins since the report of the Advisory
Council including the contemplated displacement of tide-water by the
harbor-lines of 1878 in the Upper Basin, and the fillings authorized on
the part of the Cambridge Improvement Company in the Lower Basin,
we have the following result : —
In the Upper Basin
In the Lower Basin
In Miller's River and Prison Point Bay .
About 22 per centum of the original tidal prism.
CUBIC YARDS.
885,304
802,080
1,384,600
3,071,984
In comparing the amount of obstruction to the outlet of these basins
in 1861, with that of the present date, — 18S0, — those structures only are
mentioned in which substantial change has been made.
In the report of the Advisory Council the areas of the bridges crossing
the month of Charles River are given as follows, to which is added the
areas of the same bridges at the present time in a separate column:—
1861. 1880.
Warren and Fitchburg.....
Boston and Maine Railroad ....
Lowell and Eastern Railroad
Lowell Freight ......
Cragie ........
-Square feet
272,900
216,750
128,740
83,300
74,500
Square feet.
3 89 .'890
284,390
249,770
112,900
81,110
776,190 1,117,060
About 50 per centum of increase from original area.
In an able report prepared by Gen. J. G. Foster in the spring of 1869,
at th time the subject of widening and improving the draw-way openings
6
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through the bridges crossing Charles River was under consideration, and
while he was in charge of the government improvements being made in
the lower harbor, he prepared a table of statistics, showing the extent
and amount of obstruction to the free flow of the tide caused by those
bridge structures, and from which the following items have been taken.
Gen. Foster sent his own men, in boats, under the bridges, and had the
piles in each bridge actually counted, and sketches made showing the
irregular and injurious manner in which the piles were placed in the
various structures.
Number of
Tiles in each
Mean.height
of Piles f'm
bottom to
Mean ob-
struction
offered by
Total water-
space remain-
ing after
deducting the
13ridge.
high water. Piles. obstruction of
Piles.
Charles River Bridge 486
Feet.
27
Square feet.
1,200
Square feet.
25,401
Warren Bridge .... 771 26 1,637 26,953
Fitchburg R.R. Bridge 3,265 26 68,565 18,215
Boston and Maine R.R. Bridge . 3,754 24 72,077 17,477
Eastern R R. Bridge . 1,022 24i 20,031
Lowell R R. Bridge . 672 24i 13,171
Lowell Freight Bridge 756 24 14,515 34,435
Cragie Bridge .... 663 23 12,199 ,24,151
Total .... 11,389 203,395 !
In the case of the Fitchburg Railroad bridge, the most objectionable
structure, the striking condition is exhibited of a mass of obstruction
amounting to 72,077 square feet with 17,477 square feet of free water-
space ; the obstruction being about four hundred per centum of the
room left for free flowage.
As will be seen by looking at the maps, the bridges forming the
most obstruction are in such close proximity and so grouped together as
to form almost a continuous resistance to the flowage. These are the
Warren and Fitchburg, in part one structure, the Boston and Maine, and
the Eastern and Lowell passenger, also nearly a united structure. So that
it may be said, that substantially these bridge structures, in 1869, con-
tained 9,484 piles, each pile averaging a length of 25 feet within the
water^ and presenting the startling amount of 175,481 square feet of
submerged surface ; so disposed, both in rows and singly, that almost
every pile presented an abrupt obstruction to the current. Allowing for
the same ratio of increase in the piling as in the surface area of the
bridges, there would be, at the present time, about 16,400 piles, and
about 303,400 square feet of surface obstruction.
Although the piles which have been driven under the direction of the
Board have been in lines which coincide with the direction of the current,
so that when all the piles under all the bridges shall have been made to
conform to the same order, the flowage will be improved, the disorderly
manner in which the old piling still remains so shuts up the bays that no
material gain is yet effected,
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From the above statements it is evident that no improvement or relief
to the outlet of the inner basins of Charles River has been effected since
the criticism of their usefulness as tidal reservoirs was made by the able
engineers who gave so much study and investigation to this subject.
It shows, however, the serious consequences and great misfortune of
giving away, little by little, to encroachments, which, at the time, are
made to appear insignificant in their physical disadvantage, while all
important to other purposes they are proposed to serve, until, by persist-
ent appeals for legislation, grants are obtained for which no commensu-
rate equivalent is, or can be, given.
Already one of the choice portions of the inner harbor of Boston is lost
to maritime commerce by the net-work of bridges that cross its deepest
water ; unless it be not too late to reconstruct with a more wise adj ust-
ment of terminal facilities, of which Boston, as one of the few great ports
of our Atlantic coast, stands so much in need. No part of the inner har-
bor affords more inducement to improvement than the lower portion of
Charles River, from the Navy Yard to Cragie Bridge. The Advisory
Council calls attention to it on physical grounds, and a comprehensive
study of its capabilities will develop many other reasons for improve-
ment.
Independent of physical considerations, the improved appliances of
machinery and modes of dredging give the question of excavation a sig-
nificance different from that of the earlier periods when it was less effec-
tively and systematically managed, and when the inner reservoirs and
outer channels of the harbor had more unobstructed avenues, by which
to maintain their connections and exercise their mutual functions.
The subject of harbor conservation and improvement presents, to-day,
more complicated features, and those which bring to bear upon it the
results of experience and knowledge in the more modern modes of treat-
ment.
Jn the licenses granted by the Board for the works in the upper basins
of Charles River, the question of improved navigation was considered of
so much importance, that it entered largely into the scheme of compen-
sation. To further improve these basins by dredging them to a greater
uniform depth, say ten or twelve feet at mean low water, would be a
work of great value.
Such deepening, with the filling of all border-lands, would also be a
sanitary work of the first order. It has been found, by experiment, in
France, that the sanitary influence of waters' which covered lands or
marshes otherwise unhealthy, or into which sewage or other foul mat-
ter found its way, was in proportion to its depth ; that a film of water,
although constantly maintained, did not prevent miasmatic exhalations,
whereas deep water absorbed the noxious vapors, or was so far effective
that the shores and grounds bordering upon them were rarely unhealthy.
The aesthetic question, in the treatment of these basins, is hardly less
important, and has received a public and individual attention which enti-
tles it to high consideration ; while nothing that is likely to be done in
this direction will injure the navigable value of the basins, or impair
their sanitary influence.
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The purpose and occasion of the present study and investigation of this
subject is a demand for land upon the borders of the Charles River basins
which it is proposed to obtain by encroachments upon their water- spaces;
and the discussion of facts and theories in regard to them has been made
in the hope of leading the way to some wise solution of the problem
under consideration.
In the plans proposed by the Park Commissioners and other parties,
various lines have been suggested. Three definite ones, however, have
been named by the Board for special consideration, — two in the Upper
Basin and one in the Lower Basin.
The first in order is a line in the Upper Basin, beginning at some point
in the present harbor-line near the westerly end of the Mill-Dam, and run-
ning easterly parallel to and 200 feet advanced from the Mill-Dam, turning
the south-easterly corner of the basin by a suitable curve, and running
northerly parallel to the easterly line of the basin, and terminating at a
point on the West Boston Bridge, 200 feet westerly from the present sea-
wall.
Such a general line will take from the basin area about . . 1,602,400 sq. ft.
Equal to about 36-£ acres.
And will reduce the tidal prism 930,100 cu, yds.
The amount of filling required to raise this area to grade
ten 978,279 cu yds.
The second line in order is one following the same general course, and
terminating at the same point on the West Boston Bridge, but being
advanced substantially 300 feet into the basin.
Such a general line will take from the basin area about . . 2,313,500 sq. ft.
Equal to about 53^- acres.
And will reduce the tidal prism . 1,277,920 cu. yds.
The amount of filling required to raise this area to grade
ten 1,326,147 cu. yds.
The encroachment upon the Lower Basin by following the
line proposed by the Park Commissioners, which runs
from a point near the easterly abutment of Cragie Bridge
in a generally straight course to the same point named in
West Boston Bridge, 200 feet from the sea-wall, is about . 200,800 sq. ft.
Equal to about 4-/fr acres.
And will reduce the tidal prism about 74,370 cu. yds.
The amount of rilling required to raise this area to grade
ten, ahout 109,990 cu. yds.
A further project has been brought forward to improve the opposite
Cambridge shores of the Upper Basin ; and a belt of 200 feet, to be taken
from the basin beyond the harbor-line, is asked for as a part of the pro-
posed plan.
Such a line, 200 feet beyond the harbor-line, -will take from
the basin area about 1,650,400 sq. ft.
Equal to about 37^ acres.
And will reduce the tidal prism about ..... 550,865 cu. yds.
The amount of filling required to raise this area to grade ten
will he about the same 550,865 cu. yds.
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A project looking to the improvement of the Cambridge shores, in
connection with the improvement proposed upon the Boston side, is much
to be desired; but there seems to be no adequate necessity for making
land from the basin area on the Cambridge side, and no exigency to war-
rant an additional encroachment upon it from this direction to that which
has been already made by the advanced harbor-line of 1878. The lands
adjoining are in an unimproved and undeveloped state, open to other
schemes of treatment. Upon the Boston side, where heavy sea-walls and
expensive structures already occupy the immediate shores of the basin, it
is more difficult to operate without taking some territory from the basin.
It would seem a more wise and practicable project to appropriate the
marginal ground of the entire basin to park purposes, and to treat the
subject of the improvement of this splendid basin as a unit.
To devote a certain margin to the aesthetic and healthful purposes of a
park, and at the same time secure the establishment of permanent bound-
ary lines, would have much to recommend it; but no concession should be
made for private purposes, and the least amount of encroachment only
allowed which will serve for public use.
That some reduction of the tidal prism of these basins may be permit-
ted in consequence of the increased obstruction to their outflow, is possible;
but to what extent can only be determined definitely after special ex-
amination and field observations similar in character to those which were
the bases of the judgment of the Advisory Council. Such observations it
has not been practicable to make since the questions under consideration
have been presented. Without such data it would be unwise to prescribe
changes in the physical status of the tidal forces, even as an offset to
increased obstructions, large as they appear to be, which may produce
results that cannot be predicted. As stated in a former report concerning
the changes in the harbor-line of 1878, any scheme other than one look-
ing to tidal compensation must be considered as arbitrary.
The Advisory Council did not recommend excavation in the upper
basins of Charles River below the half-tide plane; but as there are only
small portions of these basins near the upland line of the Cambridge
shore, where the surface of the flats came above this plane, this rather
negative caution on the part of the council goes to establish the theory
that any material change in their present status is undesirable.
Assuming that two hundred feet of advance on the Boston side of the
upper basin, and the line proposed by the Park Commissioners in the
Lower Basin, will accomplish ail that may be desirable, the remaining
condition of these basins will be about as follows: —
Area of basins about 17,334,500 sq ft.
Equal to about 398 acres.
Loss of tidal prism about 6,420,190 cu. yds.
Amount of excavation to deepen the basins to 12 feet below
mean low water 5,825,350 cu. yds.
Amount of space inside of the stated lines as territory to be
filled by the material removed from the bed of the basin
up to say grade ten, is about 1,411,350 cu. yds.
While it is the logical inference that it is not desirable to increase the
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reservoir capacity of the Charles River basins, it does not follow that it is
desirable, or even permissible, to reduce them.
The basins, treated independently of the consequences to the harbor
elsewhere, should remain as large in area as consistent with securing the
desired depth. Their full utilization for navigation., also sanitary and
aesthetic considerations, all require that the depth of water should be
increased. To the extent necessary to secure a desired uniform depth in
the area which may remain, a contraction of area may be permitted.
This is not necessarily to permit just that area to be filled which will
contain the material which it is requisite to remove, but rather that the
privilege of filling which will constitute sufficient inducement to perform
the necessary excavation.
The improvement of these basins ought not to be at the cost of the
Commonwealth; but, on the other hand, if they can be so improved that
great public benefits are conferred in their better adaptation to business
and pleasure navigation, and in their sanitary and aesthetic effect on the
community in which they are located, it is not essential that pecuniary
profit should be derived by the Commonwealth from the improvement.
If, when the public concedes some considerations of advantage, it secures
other public considerations of greater moment, the gain is in even safer
form than if committed into a money profit less permanent in its effects.
Great importance should be attached to the devotion of as much of the
area as shall be reclaimed from the Charles River basins to public purposes
as is practicable; not, of course, because of the effects upon the harbor
below, but upon the broader grounds which any intelligent study of the
question necessarily introduces. The harbor-line upon the Cambridge
side, as already established, is a large concession to the owners of flats,
and any further extension should be granted with great caution. The
appropriation of a belt two hundred feet wide on that side to public pur-
poses is very desirable; and, if it cannot be obtained within the present
harbor-line, it may be expedient to make some further concession. But,
if this should be done, it would be more difficult to permit the three
hundred feet, or even the two hundred feet, extension upon the Boston
side.
Respectfully submitted.
HENRY L. WHITING.
To the Board of Harbor and Land Commissioners.
[B,]
RE-SURVEY OF BOSTON UPPER HARBOR.
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[C]
CONTRACT WITH THOMAS POTTER.
Articles of Agreement made this twenty-eighth day of August, in the year
eighteen hundred and eighty, by and between Thomas Potter, of
Jersey City, in the State of New Jersey, party of the first part, and
the Commonwealth of Massachusetts, acting by its Board of
Harbor and Land Commissioners, party of the second part, witness:—
The said party of the first part hereby covenants and agrees with said
party of the second part, to dredge three hundred thousand cubic yards of
material from the shoals, in that part of Boston Harbor represented by
the space colored red on the plan hereto annexed, at places to be designat-
ed by the engineer of the Board of Harbor and Land Commissioners, and
to deposit said dredged material on the flats of said Commonwealth, lying
east of and adjoining the flats bargained to the Boston and Albany Rail-
road Company, and between the southerly line of Eastern Avenue or
Congress Street extended, and the northerly line of occupation as indicat-
ed on said plan, at such places and in such order as the engineer of said
Board shall designate. It is agreed that all said dredging shall be to a
depth of twenty-three feet at mean low water, and that the bottom of
the whole area dredged over is to be left smooth and regular at that
depth to the satisfaction of the engineer of said Board, and that the
amount of excavation shall be determined by measurement of the filling
when deposited as herein provided, the present surface as shown on a
plan of even date herewith made in duplicate and entitled " Plan of Fill-
ing at South Boston Flats for the Commonwealth," and signed by said
party of the first part, and by said Board, to be used as the basis of such
measurement.
All said filling shall be made from the present surface to grade
thirteen, and shall be left smooth and level at said grade thirteen, and
where the boundaries of said filling are protected by other filling, or by
wall or bulkhead, the filling shall be brought up to grade thirteen at such
boundaries; but where the boundaries are unprotected the material may
be allowed to take its natural slope. In filling immediately behind a
wall or bulkhead the material shall be deposited in such a manner that it
will flow away from the wall or bulkhead, and not towards it. The lines,
grades, and instructions given by the engineer of said Board, shall be
strictly observed, and all necessary aid and materials for giving said lines
and grades shall be furnished by said party of the first part. The dredg-
ing and filling aforesaid shall be commenced within three months after
the execution and delivery of this agreement, and shall be prosecuted
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continuously during all suitable weather, and with as much despatch as
reasonably practicable until its completion ; and shall be completed on or
before the first day of January, in the year eighteen hundred and eighty-
three.
The said party of the second part hereby covenants and agrees with
said party of the first part, to pay said party of the first part for said
dredging and filling at the rate of thirty-six cents per cubic yard, in the
manner, and upon the terms and conditions, herein set forth and agreed,
as follows:—
Monthly estimates of the work executed will be made by the engineer
of said Board, and for all the material deposited directly from the scows,
a payment of seventy-five per cent of the contract-price will be made;
and for all material deposited from cars, a payment of ninety per cent of
the contract-price will be made; and when said filling is completed to
grade seven upon any portion of said area to be filled, for the material
deposited on the area so raised to grade seven such further payment
shall be made as will make the entire payment therefor equal to ninety
per cent of the contract-price; and upon the entire completion of all said
dredging and filling, in the manner and within the time herein agreed,
the remainder of said contract-price shall be paid.
It is agreed, by and between the parties hereto, that upon all ques-
tions of measurement, lines, or grades, the decision of the engineer of
said Board shall be final.
It is further agreed, by and between said parties hereto, that should
the party of the first part refuse or neglect to prosecute the work herein
contracted for, with the requisite vigor to insure its completion within
the time herein stipulated, or in any other respect violate this agreement,
the said Board shall have power to annul this agreement, and to contract
anew with other parties.
In testimony whereof, the said Thomas Potter has hereunto set his
hand and seal, and the said Commonwealth has caused its seal to be
hereto affixed, and these presents to be signed and delivered, in its name
and behalf, by its Board of Harbor and Land Commissioners, the day
and year above written, and the same to be approved by its Governor and
Council.
THOMAS POTTER. [seal.]
COMMONWEALTH OF MASSACHUSETTS,
[seal of the By Albert Mason,
COMMONWEALTH.] WlLLD. P. PHILLIPS,
Francis A. Nye,
Harbor and Land Commissioners.
In Council, Aug. 31, 1880.
Approved.
HENRY B. PEIRCE, Secretary.
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[D.]
BILL RECOMMENDED.
Commoniuealt!) of fHassacfjusetts.
An Act to authorize the Construction or Extension op
Wharves in Boston.
Be it enacted, 8fc, 8fc.
That the Harbor and Land Commissioners shall be, and hereby are,
authorized to permit the construction or extension of wharves in that
part of Boston called East Boston, easterly of Pier No. 4, so called, of the
Boston and Albany Railroad Company, to such line as they shall pre-
scribe, and in such manner, and on such terms and conditions in other
respects, as are now allowed by law, or shall be prescribed by them.
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[E.]
STATEMENT OF OPERATIONS DURING THE YEAR END-
ING DEC. 31, 1880, ON WORKS FOR THE IMPROVE-
MENT OF RIVERS AND HARBORS IN THE STATE OF
MASSACHUSETTS, UNDER THE CHARGE OF BREV.
BRIG.-GEN. GEORGE THOM, COLONEL OF ENGINEERS.
I.
—
Improvement of Boston Harbor, Massachusetts.
The following operations for the improvement of this harbor by the
United States Government have been carried on during the year ending
Dec. 31, 1880, to wit: —
1. Under a contract made Aug. 15, 1878, with Mr. Joseph E. Bart-
lett of Boston, Mass., for the removal, by dredging, of the Man-of-War
Shoal (situated in the upper, harbor, at the confluence of Charles and
Mystic Rivers), to a depth of 23 feet at mean low water, dredging opera-
tions, commenced by him in the latter part of 1878, were continued until
the 12th of March, 18S0, resulting in an aggregate of about 86,000 cubic
yards, in completion of said contract; of •which dredging about 6,000
cubic yards was done subsequent to the 1st of .January. By these opera-
tions this shoal has been reduced on an area of about 55,000 square yards
to the projected depth of 23 feet at mean low water, on the shoalest part
of which the depth was formerly but 15^ feet. This work was done in a
very satisfactory manner, and under difficulties, for which the contractor
is entitled to much credit.
2. On the 28th of August, 1879, a contract was made with the New
England Dredging Company, of Boston, Mass., for—
(a) 38,000 cubic yards, more or less, of dredging at Anchorage Shoal,
for obtaining a depth of 23 feet at mean low water, at 74 cents per cubic
yard, measured in situ; and
(/>) 6,000 cubic yards, more or less, of dredging at the Lower Middle
Shoal, to the same depth as above, at 81 cents per cubic yard, measured
in situ.
Operations were commenced under this contract at Anchorage Shoal
on the 15th of September, 1879, and were continued up to the 17th
of December, when they were suspended for the winter. They were
resumed on the 19th of April, and, after some interruptions by the
dredging at the Lower Middle, were completed on the 22d of September,
1880, resulting in an aggregate of 27,556 cubic yards of dredging {in situ)
under and in completion of said contract; of which 17,619 cubic yards
has been done during the past year. By these operations the main ship-
channel has been opened on an area of about 48,600 square yards, to a
depth of 23 feet at mean low water, for a width of about 550 feet.
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At the Lower Middle Shoal dredging was commenced, under this con-
tract, on the 14th of Juue, and continued until the 15th of August, 1880,
during which period 5,007 cubic yards of dredging (in situ) was done, on
an area of about 17,500 square yards, in completion of said contract. By
these operations the main ship-channel has been widened and deepened
so as to have, for a width of 600 feet, a depth of 23 feet at mean low
water.
3. On the 11th of September, 1879, a contract was made with the
New England Dredging Company— the lowest of four bidders, after
proposals had been twice invited for the work— for 50,000 cubic yards,
more or less, of dredging in Mystic River, near its mouth, at 33 cents
per cubic yard, as measured in scows. Operations were commenced under
this contract on the 2d of October, 1879, and continued up to the 15th
of March, 1880, resulting in an aggregate of 47,953 cubic yards of dredg-
ing on an area of about 25,000 square yards, in completion of the con-
tract, of which 21,830 cubic yards of dredging has been done during the
present year. By these operations the main channel at this place has
been opened to a depth of 23 feet at mean low water (or 33 feet at mean
high water) for a width of 125 feet throughout the whole extent of this
shoal. The adopted project calls for a width of 300 feet when completed.
4. A large and dangerous sunken rock, recently discovered and located
in the main channel in Broad Sound, was broken up and removed in
August and September last. This rock had a depth of but 9 feet of
water on it at mean low water, with a depth of 16 feet around it. After
several attempts to find it, it was discovered by the aid of a diver who
had been employed on a vessel which had run upon it in April last.
By the operations of the past year, as above described, all the work
hitherto projected for the improvement of Boston Harbor proper has
been completed, with the exception of that at Anchorage Shoal, where it
is projected to open the main ship-channel to a least width of 1 ,000 feet.
By the River and Harbor Act of June 14, 1880, the sum of $75,000
was appropriated for the impiovement of Boston Harbor to be applied
as follows, viz. : —
1. Boston Harbor proper $30,000
2. At the mouth of Charles River, in said harbor, and up to
Watertown 22,500
3. At the mouth of Mystic River, in said harbor .... 17,500
4. From said harbor to Nantasket Beach 5,000
Under this appropriation the following work has been done for im-
proving navigation at the several places named, viz :—
1. Boston Harbor proper. — A contract has been made with Messrs.
Moore & Wright of Portland, Me., — the lowest of five bidders,— for
65,000 cubic yards, more or less, of dredging at Anchorage Shoal, at 39
cents per cubic yard, measured in scoios, the same to be completed on or
before the 30th of June, 1881. Preparations are being made to com-
mence this work on or about the 1st of January. It is probable that
under this contract this channel will be opened for an additional width
of about 325 feet, and a total of 875 feet.
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2. At the mouth of Charles River, in said harbor, and up to Walcrlown. —
A survey of Charles River was made in 1878. with a view to its improve-
ment from its mouth up to the head of tide-water at Watertown. The
project for its improvement consists of opening the channel first, from its
mouth up to Western-avenue Bridge (a distance of about 4f miles) to
a depth of not less than 7 feet at mean low water (or about 17 feet at
mean high water) for a width of 200 feet; second, from Western-avenue
Bridge up to Market-street Bridge (an additional distance of about 3£
miles) to a depth of not less than 6 feet at mean low water (or about 16
feet at mean high water) for a width of 100 feet; and third, from Market-
street Bridge up to the dam at the head of tide-water (an additional dis-
tance of about 1| miles) to a depth of 3 feet at mean low water for a
width of 75 feet. The estimated cost of this improvement, at the prices
now ruling, is $125,000. In commencement of this work under the
appropriation made therefor, as above (to wit, $22,500), a contract has
been made with Messrs. Moore & Wright of Portland, Me., — the low-
est of four bidders,— for 50,000 cubic yards, more or less, of dredging,
at 39 cents per cubic )7ard, as measured in scows, the same to be completed
on or before the 30th of June, 1881. Operations were commenced under
this contract in the latter part of November, and have been continued to
this date. It is expected that, with the amount now available for this
river, its improvement will be completed, as projected, up as far as
Western-avenue Bridge.
3. Mouth of Mystic River. — Under the appropriation of $17,500 made
by act of June 14, 1880, for improving the channel at this place, a con-
tract has been made with Messrs. Moore & Wright of Portland, Me.,
—
the lowest of five bidders, — for 50,000 cubic yards, more or less, of
dredging, at 29 cents per cubic yard, as measured in scows, the same to be
completed on or before the 30th of June, 1881. Operations were com-
menced under this contract in November last, and have been continued
to this date. It is expected that, with the amount now available for this
work, the channel will be opened to the projected depth of 23 feet at
mean low water for an additional width of about 120 feet, — making a
total width of about 215 feet, the full projected width being 300 feet.
4. Nantasket Beach Channel. — In order to ascertain the nature and
extent of the improvements contemplated for this place, a survey has
recently been made of this channel from its head at Nantasket Beach
down to its outlet at World's End; and the project adopted for its
improvement consists in straightening, widening, and deepening the
channel by dredging, and by the removal of sunken ledges from the
mouth of Weir River up to the steamboat-wharf (a distance of about 600
yards), so as to have a depth of 9 feet at mean low water (or about 19 feet
at mean high water) for a width of 100 feet. A contract for the dredg-
ing (viz., 15,000 cubic yards, more or less) has been made with Mr.
Robert Hamilton, jun., of Chebeague Island, Me., — the lowest of three
bidders— at ISf cents per cubic yard, as measured in scows, the same to
be completed on or before the 15th of May, 1881. In addition to the
dredging, about 12 cubic yards of sunken ledge will also have to be
removed. The unexpended balance now available will be sufficient for
completing this work.
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The estimated cost (additional) for completing- all the improvements
projected for the harbor and rivers, as above, is as follows : —
1. Anchorage Shoal $37,500
2. Mystic River Shoal 10,000
3. Charles River 102,500
Total $150,000
For these works the sum of $125,000 has been asked to be appropri-
ated by Congress for the next fiscal year.
II. Improvement of Merrimac River, including Newburyfort
Harbor, Massachusetts.
The present project for the improvement of this river was adopted in
1870, and modified in 1874 ; the object being to afford a channel of navi-
gable width, and a depth of not less than 9 feet at mean low water (or
about 16| feet at mean high water) from its mouth at the outlet of New-
buryport Harbor up to Deer Island Bridge, a distance of about five miles;
and thence up to Haverhill Bridge (an additional distance of 12£ miles),
a depth of 12 feet at ordinary high water, the rise and fall of tides vary-
ing from 7^ to 4 feet ; and thence up to the head of the " Upper Falls "
(an additional distance of 4 miles), a depth of not less than 4£ feet in
the ordinary stages of the river with the mill-water at Lawrence running;
the rise and fall of the tide varying from 4 feet at Haverhill to at the
foot of the " Upper Falls."
The natural channel of this river was very narrow and crooked in sev-
eral places, and much obstructed by sunken ledges, bowlders, and shoals
;
and especially at " the falls," portions of which were covered with bowl-
ders and ledges more or less bare, and impassable for any vessels or scows;
whilst in Newburyport Harbor the channel was obstructed by numerous
sunken ledges, crib-work piers, and wrecks, seriously endangering navi-
gation.
Previous to January, 1880, the wTork done for the improvement of this
river consisted in opening the channel above Haverhill and through " the
falls " to the projected width and depth, in places where absolutely neces-
sary to make its navigation practicable ; also, in dredging at Haverhill,
between the bridges, and at Silsby's Island Shoals, as well as at Currier's
Shoal (about 4 miles below Haverhill), and at Rock's Bridge (6| miles
below Haverhill), including the removal of a large number of dangerous
sunken rocks at and near Rock's Bridge and the head of Silsby's Island
;
also, in Newburyport Harbor, in the partial removal of Gangway Rock
and North Rocks, and in the removal of a sunken wreck.
By the River and Harbor Act of June 14, 1880, the sum of $12,000
was appropriated for continuing the improvement of Merrimac River,
which, with $3,092 available from the appropriation of March 3, 1879,
made $15,092 available for this work. This amount has since all been
applied to the improvement of the river, as follows, viz.:—
1. At and near its Mouth in Neivburgport Harbor. — Under a contract
made with Mr. James Andrews of Biddeford, Me., — the only bidder, —
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for completing the removal (commenced in 1870) of Gangway Rock, at
$30 per cubic yard, measured in situ, this work was completed by him
between the 11th of September and the 8th of October, 1880, whereby
the rock was broken up and removed to a depth of 9 feet below the plane
of mean low water, or 16^ feet at mean high water, requiring the re-
moval of 22i cubic yards of ledge above that plane.
A submarine party, with a sloop provided with suitable steam-drills
and hoisting apparatus, was also employed by the day in the removal of
the following obstructions in Newburyport Harbor, to wit:—
First, Six sunken piers and one sunken scow lying directly across the
main channel one-half a mile above its mouth at Salisbury Point. These
piers had about 5 feet of water over them at mean low water, and were
built of crib-work, and ballasted with stone; and, it is said, they were
placed there in about 1812 and previous thereto in order to prevent the
entrance of hostile vessels into the harbor. By means of the submarine
parties, two of these piers and one scow were discovered during these
operations. These piers and scow were all broken up, and removed to a
depth of not less than 9 feet at mean low water.
Second, The wreck of the schooner '• Greyhound," sunk in November,
1879, was broken up, and removed from the main channel at the entrance
of the harbor.
Third, A large sunken rock (ledge) lying in mid-channel between the
north and south piers was broken up, and removed to a depth of 12 feet
at mean low water, containing altogether about 6£ cubic yards; and other
shoal points of ledge situated in the main channel near North Rocks and
the mouth of the river were in part broken up and removed. These
submarine operations were carried on between the 28th of July and the
11th of September, and afterwards between the 9th and 31st of October,
1880.
2. At and near " (lie Falls" above Haverhill, and at RocVs Bridge, 6|
Miles below Haverhill. — Under a contract made with the Pentucket Navi-
gation Company for the removal from the channel at the " Lower Falls "
of 95^ cubic yards of sunken ledge, at $30 per cubic yard, measured in
situ, this channel has been completed to its full projected width and
depth. This work was commenced in September, 1879, and completed
on the 25th of October, 1880.
For the further improvement of the channel at "the falls " and Rock's
Bridge, a dredging-machine and scows (specially adapted to this work),
with full crews for the same, were hired by the day, at $75 per working-
day of ten hours. Dredging operations were commenced at the Upper
Falls on the 30th of July, and continued to the foot of the Lowrer Falls
till the 2d of November; during which period the channel at the Upper
Falls was straightened, widened, and deepened where necessary for the
completion of the same. The channel at the Lower Falls and below was
also widened and straightened; and with the aid of a diving party, a very
large quantity of ledge and bowlders was broken up, and removed from
the channel throughout the whole extent of " the falls." The unusually
low stage of the river this season facilitated these operations to a degree
seldom to be experienced, and for this reason they were continued until
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a rise of water. On the 10th of November the dredging-machine and
diving party were transferred to Rock's Bridge, where they were employed
until the 20th of November in deepening the channel and in removing
numerous large bowlders by which navigation had been much endangered
at that place.
By the operations above described, the navigation of the river has been
very much improved during the past season. But more work still remains
to be done, especially in the removal of sunken rocks at Rock's Bridge
and in Newburyport Harbor, for effecting all the improvements necessary.
An additional appropriation of .116,500 has been asked for this work.
III. Improvement of Newburyport Harbor, Massachusetts.
By the River and Harbor Act of June 14, 1880, the sum of $50,000
was appropriated for the improvement of this harbor, which it has been
decided to apply to the improvement of the shifting and uncertain chan-
nel at its entrance by means of rubble-stone jetties. With a view to a
proper understanding of the bar and currents at its entrance, as well as
of the material composing the bar, and all other facts bearing upon this
subject, a very accurate survey was made of this locality in July and
August last. A new project, based upon this survey, was submitted to
the War Department in September last, which has since been approved
and adopted. It consists of two converging rubble-stone jetties built out
from the shores north and south of the entrance to such an extent as will
secure a constant depth of 13^ feet across the bar at mean low water, or
21 feet at mean high water. The estimated cost of these jetties, together
with the shore protections at the extremities of Salisbury Beach and
Plum Island, is $240,000.
Under the appropriation made, as above, for this work, a contract has
been made with Mr. Frederic A. Ingerson of Haverhill, Mass., — the
lowest of four bidders, — for furnishing and placing in the northern jetty
(beginning at its shore end) 50,000 tons, more or less, of rubble-stone
in commencement of this improvement, the work to be commenced on
or before the 1st of April next, and the contract to be completed on or
before the 30th of November, 1881.
IV. Improvement of Scituate Harbor, Massachusetts.
A survey of this harbor was made by Gen. Thorn in 1878, " with a
view to its adaptability as a harbor of refuge;" based upon which a
project was made and submitted to the War Department, with estimates
of cost for the same. This project consists of two rubble-stone jetties,
or breakwaters, built at the entrance of the harbor: one to project from
Cedar Point near the lighthouse on the north side of the entrance, in a
direction south, 36° east, for a distance of 800 feet ; and the other to project
from the point of the first cliffs on the south side of the entrance, in a
direction north, 10° west, for a distance of 730 feet, being so located as to
shut out all easterly winds from the proposed harbor, and also to occupy
the shoalest and most favorable sites in regard to cost.
In connection with the jetties, it is proposed to excavate a basin inside
of sufficient area for the harbor, with a depth of 10 to 12 feet at mean
1881.] PUBLIC DOCUMENT— No. 11. 59
low water, or about 20 feet at mean high water; the greatest depth at
present being not more than about 5 feet at mean low water on a very
small area: also to excavate a channel, so as to afford an easy ingress into
the harbor with a constant depth of not less than 10 feet at mean low
water.
The estimated cost of this improvement, as revised for the project
adopted, is $225,000.
This project has been approved by the War Department, and the con-
struction of the jetties will be commenced as soon as a sufficient appro-
priation shall be made by Congress to justify it. By the River and Har-
bor Act of June 14, 1880, the sum of $7,500 was appropriated therefor.
V. Improvement of Plymouth Harbor, Massachusetts.
All the works projected for the protection and preservation of Long-
Beach (which gives to this harbor its only shelter from easterly storms)
were completed in 1879; but, exposed as they are to injury from those
violent storms, they will necessarily require occasional repairs. They are
now in an essentially good condition, and fully answer the purpose for
which they were designed.
For the improvement of the harbor itself, the sum of $10,000 was
appropriated by the River and Harbor Act of March 3, 1875, by which
a channel about 50 feet in width was opened by dredging from the Middle
Ground up to Long Wharf,— a distance of about 2,500 feet,— to a depth
of 6 feet at mean low water, or 16 feet at mean high water.
The project for the improvement of this harbor provides for a channel
6 feet in depth at mean low water, and 100 feet in width, up to Long
Wharf; and thence extended southward to the mouth of Town Brook, —
a distance of about 900 feet above Long Wharf,— so as to form a basin
in front of the wharves of the town 125 feet in width, with a depth of 8
feet at mean low water.
For continuing this improvement, the following sums have since been
appropriated by Congress, to wit : —
By the River and Harbor Act of March 3, 1879 $3,500
By the River and Harbor Act of June 14, 1880 10.000
Total $13,500
Owing to the smallness of the appropriation of 1879, it was decided
to wait for an additional appropriation before doing any thing further
towards the completion of this work.
With the above amount available ($13,500), a contract has been made
with Messrs. Robert Hamilton, jun., and Solomon Sawyer, of Maine,
—
the lowest of four bidders, — for 60,000 cubic yards, more or less, of
dredging, at 17 cents per cubic yard, measured in scows ; the same to be
completed on or before the 30th of June, 1881. The contractors com-
menced dredging under their contract on the 11th of November, 1880,
and have continued it up to the close of the year, whereby the channel
has been opened to a width of about 70 feet, with the projected depth.
For completing this improvement to the extent projected as above, an
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additional appropriation of $11,500 has been asked for, to be expended
in the next fiscal year.
YI. Improvement of Provincetown Harbor, Massachusetts.
All the works projected for the protection, preservation, and improve-
ment of this harbor, have been completed, with the exception of the
bulkhead on Long Point. These works are all in good condition, and
fully answer the purpose designed, They will, however, require continual
watching and occasional repairs.
Under the appropriation of $500 made by the River and Harbor Act
of June 14, 1880, together with the unexpended balance of the appro-
priation of March 3, 1879, aggregating $1,112.17, repairs have been made
where most necessary, — on the bulkhead on Long Point, in which GG^^o
tons of rubble stone has been used.
For completing the stone bulkhead on Long Point, and making repairs
on other works where necessary, an appropriation of $7,000. has been
asked for the next fiscal year.
YII. Survey of Malden Eiver, Massachusetts.
By the River and Harbor Act of June 14, 1880, provision was made
for the survey of this river, with a view to the improvement of its navi-
gation. This survey has since been completed, and a project for its
improvement, with an estimate of its cost (amounting to $35,000), has
been submitted to the War Department for the information of Congress.
This project consists of straightening, widening, and deepening its
channel from its mouth up to the bridge near the rubber-works in Mai-
den, — a distance of about two miles, — so that vessels drawing 10 feet
of water can ascend to that bridge on the high water of neap tides in a
channel 100 feet in width.
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[F-]
STATEMENT OF OPERATIONS DURING THE YEAR 1880
ON WORKS FOR THE IMPROVEMENT OF RIVERS AND
HARBORS IN MASSACHUSETTS, UNDER THE CHARGE
OF BREV. MAJOR-GEN. G. K. WARREN, LIEUTENANT-
COLONEL OF UNITED STATES ENGINEERS.
[A.]
Survey of Nantucket Harbor, Massachusetts.
It must be noted that the wording of the act does not specify any
particular place of improvement ; whether to deepen the water on the
bar at the existing entrance, which the United States undertook to do
by dredging in 1829, '30, '31, or to attempt to make an opening through
the Haulover Beach into the " upper harbor," a scheme that has several
times been brought up for consideration, and notably so in the reports
accompanying the Annual Report of the Board of Harbor Commissioners
of Massachusetts for the year 1872, and there recommended as " an
experiment" "worth an earnest trial."
That the Nantucket Bar has always been an obstruction, and of a
most serious character too, is unquestionable. The survey made by
Lieut. Jonathan Prescott, First United States Artillery, reported Jan.
13, 1829 (printed, House Representatives, War Department, Document
97, 2d session Twentieth Congress), gives the depth on the shoalest bar
as " 6 feet at low water." Lieut. Prescott does not state what low water
is meant, whether mean or extreme ; but it is probable that mean low
water is intended.
The United States Coast Survey charts of the survey of 1846 show 6
feet at mean low water. Further soundings by the United States Coast
Survey in 1865 show still 6 feet as the limiting depth. The survey made
by me in 1874 shows about the depth of 6 feet at mean low water; and our
examinations this year show a depth of 6 feet at mean low water. (The
mean rise of the tide is about 3 feet. Spring tides range about 4 feet, so
that low water of spring tides would not give more than 5£ feet on the
bar, and the extreme low waters of very rare occasions may not allow
more than 4 feet )
It does not appear, then, as a fact that the bar has, during the past
few years, become a greater obstruction by a lessened depth thereon
;
but the line of deepest water is frequently shifting. This is supposed
by some to be due to changes produced by the ice lodging upon the bar in
winter, and the changing appears to have been principally on the outer
shoals, and always in a direction to the eastward.
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It is a fact that the mail-steamer experienced unusual delays in the
early part of the present year, but this was owing to the new channels
which had formed not being found. Capt. Gibbs, of the lighthouse
steamer " Verbena," however, sounded and buoyed the new channel-line,
which, as our recent survey shows, has the normal depth of 6 feet at
mean low water as its limiting shoal, just as it has been heretofore. I
believe it is conceded now, even by those who draughted the memorial,
that the depth on the bar is as great as it has ever been.
While on the matter of obstruction to entering Nantucket Harbor, it
may as well be stated that the ice in winter does not generally prevent
the mail-steamer going out and in. Some winters she loses one, two, or
three days. In the experience of forty-eight years— the first steamer
was put on in 1831— there were not more than five winters when fifteen
days were lost. In the winter of 1856, '57, thirty to forty days were
lost.
There is here a large miscalculation as to the size of this head of the
harbor, which includes only the part between Pocomo Head and the
Haulover Beach, this part being separated from the rest of the harbor
by a shoal not having more than 1 to 2 feet depth on it at low water.
According to the United States Coast Survey charts, the whole area of
the upper harbor between Pocomo Head and the Haulover at low water
is 1,920 acres, or 3 square miles; the area having 6 feet at mean low
water, 960 acres, or 1^ square miles; the area having 12 feet at mean
low water, 280 acres, or
-| square mile; the area having 18 feet at mean
low water, 128 acres, or i square mile.
Practicability of making a Permanent Opening through the Haulover
Beach 9 or 10 Feet Deep at Mean Low Water.
After a full discussion of this project Gen. Warren expresses the fol-
lowing opinion: "It appears to me that from the foregoing showing
there is very little reason to believe the experiment will ever succeed. It
is with great regret, as far as it disappoints honest expectations, that I
am compelled by my honest judgment to say so."
The Project of Improving the Present Entrance to Nantucket Harbor.
A consultation of ordinary maps, and particularly the charts of the
United States Coast Survey, presents so good an idea of the general
features of this harbor and island, that a description is not necessary.
It has been stated in the first part of this report, that there is and
always has been, since the occupation of the island, a limiting navigable
depth at the entrance of about 6 feet at mean low water. The shoal is
of great breadth, with channel poorly defined, and is composed of sand,
easily moved by waves and currents, so as to change from year to year.
The outer part of the bar was found by Lieut. Prescott, in 1828, to be
composed of sand for a thickness of 3 feet, and below that of hard blue
clay. This determination has not since been repeated. If this clay
underlies the sand for any considerabe extent of the bar, it would indi-
cate the base of the bar to be probably composed of glacial deposit simi-
lar to many parts of the island.
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Nantucket Island, in recent times, does not seem to suffer much from
the abrasion of the sea, its shores being nearly everywhere protected by
a beach of sand. Observation shows that this sand probably comes from
the waste of the south shores of Martha's Vineyard Island, particularly
the high cliffs near its west south shore.
The motion of this sand along the shore of Martha's Vineyard Island
is eastward. Falling into the Muskeget Channel (separating it from
Nantucket) large portions are carried seaward, forming Wasque (Wa-
que) Shoal, and the remainder crosses this channel, and forms Tucker-
nuck and other shoals to the west of Nantucket. It is probable that a
portion of this sand, which is moved by the waves across the Muskeget
Channel, keeps moving eastward, both on the north and south sides of
Nantucket Island ; thus contributing to the bar at the entrance to Nan-
tucket Harbor, and to the beach on the south shore of Nantucket Island.
The form of the Coatue Beach, east of the entrance, indicates also a
motion of the sand in the contrary direction, westward from Great Point;
but this is probably only a wave-shore motion from the point towards
the hollow of the great bend of the shore, while the eastward motion of
the sand from Muskeget Channel is due to the combined power of the
waves and currents, whose sands in part the waves throw upon that
shore.
The position of Point Rip, off and east of Great Point (see Diagram
A), indicates that the sand brought here is mainly deposited on the east
side, so that the sand coming around from the south by the east side of
the island does not come into Nantucket Sound.
If now we compare Nantucket Harbor with Edgartown, we see that
there is no drifting- sand from the west to the east across the north side
of Martha's Vineyard, as in the case of Nantucket, and consequently no
supply of sand to fill up Edgartown entrance, as in the other case. Ed-
gartown entrance was, therefore, deeper than Nantucket entrance, from
causes independent of the southern opening the former had through
Cotamy Beach; and the closing of this latter has in no way injured Ed-
gartown Harbor. Hence there is no reason to think that an opening
through the Haulover will make Nantucket entrance like that at Edgar-
town, and the cases are so dissimilar that we cannot conclude that it may
not be an injury at Nantucket if we make a permanent opening through
the Haulover.
Assuming, then, as reasonable, that the sands at the Nantucket Bar
come from the west through the Muskeget Channel, and are spread out
over the sound, it is probable that the north winds and their waves drive
this upon the hollow bend of the Nantucket shore, and that the littoral
wave-motion works the sand both east and west towards the entrance, as
there is a sand-spit on both sides, although that forming Coatue Beach
on the east is much longer than that known as Brant Point on the west.
The sand-spits, thus maintained by littoral sands moving towards the
ends, approach each other as closely as the water entering and leaving
the tidal basin will allow ; and then the sand which reaches the ends is
washed away by the current, some going to fill up the harbor, and some
going to form the bar outside.
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The overlapping of the Coatue Point shows that the supply from this
direction exceeds that from Brant Point, and this condition gives a direc-
tion to the issuing or ebb current towards the north-west. But at the
outer part of the bar (nearly one mile distant) the currents of the sound
are nearly always eastward, so that a new direction is given to the line of
deepest water there, and the channel has for years past been moving
eastward at its outer end.
Plan of Improvement of Nantucket Bar.
This bar (independent of what influence the underlying clay reported
by Lieut. Prescott has) corresponds in its formation with many other
bars at the entrances to enclosed basins made by beaches formed by litto-
ral sands extending across the points of headlands. The treatment of
such is well established in practice to be the erection of jetties to stop
the motion of the littoral sand, and concentrate the action of the tidal
currents to scour and maintain a channel between them. Generally a
jetty on each side is required; but sometimes one will suffice, and one
can generally be tried with safety to the project, and let the necessity for
the other be determined by the result. This seems to be the case at
Nantucket. As early as 1828 Mr. Zenas Coffin of Nantucket— a man
of wealth, whose descendants are still there— contemplated driving a
row of piles from Coatue Point, on the east side of the entrance, and
talked about it so that it is well known and remembered. Other Nan-
tucket men have suggested to me a jetty here too.
In regard to the use of piles, I do not think they will answer except as
an auxiliary, for the ice in winter might move them bodily.
I, however, prefer the placing of the jetty on the west side of the
entrance, keeping during its erection such a watch upon Coatue Point
that no injurious change shall occur there.
The jetty I propose is to be triangular in section, with side slopes of 45
degrees; the top to be 5 feet above mean low water for a distance of
4,000 feet from the shore; the outer 2,500, being more exposed to the
action of the waves, should be 4 feet wide on top, with the same side slopes
;
and the same height. The outer end, or head, being in deeper water,
should have increased dimensions to meet the greater shock of the waves
and effect of ice to which it will be exposed. The jetty is to be of large
riprap stone, dropped immediately upon the line of the work; or, as it is
a shallow bar and much exposed, it maybe better to land the stone inside
the harbor on Brant Point, and lay a railway track (probably a mile long),
carry the stone to the point on the shore where the jetty is to begin (see
Diagram A), continue the railway on piles out along the line of the jetty,
and drop the stone as the track advances.
The following is the estimated cost of a jetty of the above description :—
First section, 4,000 feet, 7 tons of riprap per linear foot, stone to average
1\ tons, 28,000 tons.
Second section, 2,500 feet, 12 tons per linear foot, stone to average 1J tons,
30,000 tons.
Total, 58,000 tons, at $1.75 $101,500 00
Add for contingencies 10,500 00
112,000 00
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It is thought that this improvement could be carried on to ultimately
increase the depth to 12 to 14 feet or more; but to do this a second jetty-
may be required, which, in general terms, may double this estimate.
No benefit could result unless at least one jetty was completed: so it is
urged,, if the plan proposed to improve the present entrance is attempted,
that the whole amount for the first jetty be appropriated in one, or, at
most, two years.
Recapitulation of Estimates.
First, For a channel through the Haulover, 10 feet wide and 2 feet
deep at mean low water, $1,200.
Second, For a channel through the Haulover, 6 feet deep and 100 feet
wide, and for a channel 6 feet deep thence to the wharves, $32,000.
Third, For a jetty on the west side of the entrance to the harbor to
increase the depth on the bar, $112,000.
[B.]
Work in Wood's Holl Straits.
The principal work has been in widening and straightening what is
known as the Lone Rock Channel, which passes between Grassy Island
on the north and Red Ledge on the south, and which was before the
work commenced not more than 30 or 40 feet wide and very crooked.
It is now direct and 120 feet in width, with a depth of not less than 9
feet at mean low water ; and 140 feet wide, 7^ feet deep, at same time
of tide.
Although what has already been done has greatly facilitated the pas-
sage of the Wood's Holl Strait by the passenger steamboats now running
through it, the channel should still further be enlarged for the use of the
government steam- vessels and the more general class of coasting-steamers,
as originally designed; and there can be no doubt that the full plan of
enlargement for sailing-vessels should also be prosecuted to completion.
Work proposed for the Fiscal Year ending June 30, 1881.
Work will be continued until the funds available are expended in
widening the present channel by removing bowlders.
No appropriation was made for this work by Act of June 14, 1880,
and nothing further can be undertaken.
To make the steamboat channel 200 feet wide and 9 feet deep at low
water, the original estimate was $22,000, and will require an additional
appropriation of $12,000. The work is of such a nature that any expen-
diture upon it is a part of the final improvement designed and estimated
for the use of sailing-vessels. The amount that could be advantageously
expended on this work in the fiscal year ending June 30, 1SS2, is $50,000.
It is recommended that this amount be appropriated.
9
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Survey of Wareham Harbor, Massachusetts.
General Description of the Harbor.
This harbor is an estuary of Buzzard's Bay. It is about 13 miles
east of New Bedford, and 6 miles west of Monumet, the southern end of
the proposed Cape Cod Ship Canal.
It is about 3 miles in length, with a width varying from 200 feet to
more than £ a mile.
Into this estuary empty Agawan River at its head, draining about 45
square miles; Broad Marsh River on the west side, draining 4 square
miles; and Weweantic River on the west side, below Long Beach, drain-
ing 95 square miles.
A small stream, called Crooked River, draining but 1 square mile,
empties into it from the east.
The shores for the most part are low, with extensive marshes that are
submerged by spring tides.
The harbor, commencing at the rail and highway bridges at Wareham,
which, not being provided with draws, prevent any navigation above
them except by barges, is about 200 feet wide. At the south end of the
Franconia Iron Company's Wharf, 1,400 feet further down, it is 400 feet
wide; from this point it opens out into a bay 2,000 feet in width. Near
the mouth of Broad Marsh River it narrows to about 900 feet, which
width it retains for about 1,200 feet, when it again widens into a bay
more than £ a mile wide.
This bay is separated from Buzzard's Bay by Long Beach, which
extends from the east shore out about 2,000 feet. This beach is com-
posed of sand. At low-water level the sand is coarse, with gravel and
pebbles; above low water it is fine, and easily moved by wind or waves.
The width of the beach at low water varies from 200 to 800 feet; at ordi-
nary high water a narrow strip of sand, not more than 100 feet wide in
the widest part, is above water. At high water of spring tides the whole
beach is submerged.
Outside of this beach is an extensive shoal or flat, the curve of 6-foot
depth being ^ of a mile distant at the east end, and more than | a mile
at 'the west end. The water on the inside of this beach is bold; at the
west end of it a vessel drawing 9 feet can at low water approach within
50 feet of the high-water line.
Previous Surveys.
A survey of this harbor was made in 1870 under direction of the
Harbor Commissioners of Massachusetts. The report upon this survey
appears in their Fifth Annual Report, 1871, and is as follows: —
"During the past year the Board has had made a careful survey of
Wareham River, with a view to the establishing proper harbor-lines, and
the determination of the causes that have led to the formation of shoals
near the wharves. They also have in mind to apply to Congress for the
removal of the bar that has formed at the mouth of the river, should the
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results seem to justify such action. The great importance of this port,
and the extensive manufactures carried on there, call for a serious effort
to improve the navigation of this river, upon which the prosperity of the
place almost wholly depends."
In their next annual report a comparison is made between the condi-
tion of the harbor in 1845, as shown by the United States Coast Survey,
and by their survey of 1870. This comparison showed that marked
changes had taken place in the upper part of the river. Of this they
say, " It can hardly be questioned that the construction of the solid pier
between the west side of the river and the sluice-way, or bay, through
which scows and boats now pass, and the solid embankment of Cape Cod
Eailroad on the west side of the river, together with the stone ballast
which has been thrown around and between the piers of both the rail-
road and town bridges, have contributed mainly to the injury sustained,
and have caused the violent and unequal currents which have dug out,
as it were, the deep holes above, between, and below the bridges, and
thrown up the abrupt and injurious shoals beyond them."
The injurious effects of the bridge structures they think is " confined
to about the first 400 feet below them."
In regard to these they say, ' ' While there is no doubt that the physi-
cal condition of this upper portion of the river could be improved by the
removal of the railroad embankment, the whole, or a part, of the solid
pier near the centre of the river, the stone ballast from under each of the
bridges, and the reconstruction of the railroad piers, it would be a meas-
ure of doubtful economy. It is the opinion of the Board, that the river
could be improved, and the improvement maintained, for a much less
sum than it would take to remove and remodel the objectionable portions
of the existing structures."
Harbor-lines were established by the Board on both sides of the river
from the bridges at the upper end to Barney Point.
In 1871 a survey was made under direction of Gen. George Thom,
United States Engineer, in accordance with a resolution of the House of
Kepresentatives. The report upon this survey, including estimates for
improving the channel, was published in the Annual Report of the Chief
of Engineers for 1872, pp. 973-976.
The map of the survey of the harbor, made in 1870 by Professor H. L.
Whiting for the Harbor Commissioners, was used as a basis for the sur-
vey of 1871 under Gen. Thom. Additional soundings were taken, and
current observations made on the flood and ebb tides at the railroad bridge
and at Quahaug Bar. The soundings were reduced to the plane of mean
low water established in 1870.
The plan of improvement estimated for and recommended by Gen.
Thom was dredging a channel 250 feet wide and 9 feet deep at mean
low water through Quahaug Bar, and straightening and widening the
channel through the " upper bar; " estimate was also made for removing
a large bowlder near the mouth of Weweantic River,— the whole .to cost
$45,000.
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History of Improvements made.
In 1872 Congress made an appropriation of $10,000 for the improve-
ment of this harbor; another appropriation of $10,000 was made in
1873, $10,000 in 1874, and $10,000 in 1875: making a total of $40,000.
Dredging was commenced in 1873, and completed in 1876, making a
channel from 250 to 300 feet wide and 10 feet deep at mean low water
from Long Beach around Quahaug Bar; thence, by cutting off shoal
points, a least width of 200 feet was made to the " upper bar." Thence
to the bridge, at the upper end of the harbor, the width decreased to 100
feet; the depth made in this part was 9 feet at mean low water.
During the progress of the improvement in 1873, a detailed survey of
the harbor was made, as the maps of previous surveys were not sufficiently
in detail to serve as a guide in carrying on the works of improvement.
This survey showed that there was less depth of water in the harbor than
had been previously supposed.
The report of this survey was published in the Annual Report of the
Chief of Engineers for 1874, pp. 21G-220.
On the completion of the improvement above described, there was
about $1,700 remaining on hand. With this an attempt was made, in
1877, to catch the sand brought along the south side and over Long
Beach into the harbor, by building a sand-catch fence. This fence was
of a single row of cedar-trees on the higher parts, and on the lower parts
of two rows of posts 4 feet apart, connected by stringers and ties placed
1 foot below the surface of the sand. The space between these two rows
of posts wras filled with brush to about 2 feet above the general surface,
this brush being held in place by small stone.
In a storm, accompanied by a very high tide, in the following Octo-
ber, a portion of this fence was washed away. In July, 1878, it was
rebuilt, and loaded with larger stone.
The removal of the bowlder in Wewean tic River, estimated for in the
report of Gen. Thorn, was not undertaken, because there was no longer
any demand for it.
Surcey and Map.
The survey of this season was confined to the channel dredged in
1873-1876, and to the part outside of Long Beach not included in pre-
vious surveys. A map of the harbor from the bridges to the "four
buoys," outside of Long Beach, on a scale of 200 feet to an inch, accom-
panies this report. This map shows the present condition of the channel,
the depth on the flats and in coves from survey in 1873, the harbor-lines
as established by the Harbor Commissioners in 1871, and the channel
desired by those interested in the commerce of Wareham and for which
estimates are made.
Present Condition of the Harbor.
Beginning at the bridges at the upper end of the harbor, we find in the
deep hole, which is undoubtedly caused by the obstruction formed by the
embankments, and piers, and riprap protection of the bridges, a depth of
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26 feet at mean low water, the same as in 1873. Immediately below this,
the shoal with the dredged channel along the wharves to the west has a
depth of but 4.1 feet on it. This shoal has increased in size, and. now
encroaches upon the channel, leaving a width of but 70 feet with 8 feet
depth.
From this shoal to the "upper bar," which begins about 900 feet
below the Franconia Iron Company's Wharf, the dredged channel has
about the same general width and depth as when completed. In some
places it has widened by scour, and in some narrowed by deposit.
The channel dredged through the " upper bar," 150 feet wide, and
from 9 to 10 feet deep at mean low water, has filled up so that in the
shallowest place there is but little more than 7 feet depth at mean lo"*7
water. This filling is over the whole width of the channel, and for 600
feet along it.
From this bar to the entrance of the harbor at Long Beach but little
change has taken place in the dredged channel.
At Q.uahaug Bar it has narrowed somewhat by filling in from the bar
or north-west side of the channel, and widened on the opposite side by
scour.
There is now a channel not less than 100 feet wide, and 9 feet deep at
mean low water, from the entrance to the "upper bar." The mean rise
of tide is about 4 feet, so that vessels drawing about 13 feet can go to
the " upper bar" at mean high water, but cannot cross it drawing more
than 11.5 feet.
The fence on Long Beach, built to catch the moving sand, is in very
good condition, and for much of its length sand has collected about it
nearly up to the level of high water. On the part of the beach above
ordinary high water, the sand is blown about by the wind so that its
height is not much increased by the fence. A storm from the south will
fill the sand in along the fence that will be blown out into the water by a
northerly wind.
Proposed Improvement.
From a consultation with those interested in the navigation of this
harbor, I learned that the depth of the channel made in 1873-76 was
deemed by them sufficient for the class of vessels likely to be employed in
the commerce of the place if that depth can be maintained.
The width of channel made, they say, is too small to allow vessels to
beat in or out, and for this reason valuable time is lost by vessels that
come to this port.
This want of width for beating is particularly felt above Barney Point
and through the " upper bar." Some trouble is found in getting through
the channel at Quahaug Bar, but less than in the upper part.
To meet these requirements will require that the channel through -the
"upper bar " be made 350 feet wide. The entire removal of the " upper
bar " is wanted by those interested,
-so as to make the pocket of deep water
to the east, now used for anchoring boats in, available for beating in; but
the harbor-lines, as established, place part of this pocket of deep water
inside of the pier-head line.
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Estimate is made for dredging the entire space on the ' ' upper bar '
'
east of the present channel to the harbor-line on the east side. This, would
give a width of 350 feet. This is a greater width than is proposed below,
and will require the removal of a large amount of material. We have
therefore made an estimate for a channel 200 feet wide through this bar;
thence to Barney Point, to widen and straighten the channel to 200 feet,
and 10 feet depth ; from Barney Point to the entrance of the harbor, to
make the channel 250 feet wide in its narrowest part, and 10 feet deep.
A depth of 10 feet is made, so that, when the sides of the cuts are
washed down by the waves and by vessels striking them, there will still
be a least depth of 9 feet.
The fence already built on Long Beach seems to have determined the
feasibility of holding and building up this beach above high water, and
in that way cut off one of the sources of supply of sand that now finds
its way into the harbor.
The growth of the shoal, of which this beach is the inner margin, and
its encroachment upon the lower part of the harbor, have been considera-
ble within the memory of those who sail out of the harbor. A map of
Wareham, made by S. Bourne in 1832, shows a wide opening near the
eastern shore, and a shoal outside of it. Through this opening, boats
went in and out to the fishing-grounds.
This map does not give the depth of water. The map of the United
States Coast Survey, made in 1845, is the earliest one on which the depth
of water is shown. Since that date the filling has been going on slowly;
but the beach is not likely to become permanent unless it is raised above
storm-tides, and the sand held against the action of the winds by vege-
tation.
To do this it will be necessary to build a sand-catcher on the site of
the present fence : this to be of brush loaded with stone. It should be
built above storm-tides. From this spurs should be built on the south
side : these would not require to be so high or strong as the main line.
They should be built by beginning at the lowest point of the beach, and
building one at first. When the sand fills out to the end of it, another
may be built, and so on until the whole beach is widened and raised. As
soon as any portion of the beach is above spring tides, it should be
planted with beach-grass to prevent the sand being blown away.
Some complaint is made of the narrow channel at the " four buoys,"
about | of a mile below the "beach." An examination of it showed a
channel 12 feet deep at mean low water, with a least width of 125 feet,
with bowlders on either side of it.
We could not learn that any serious trouble had been experienced here
;
and, as it is better than we propose to make the channel farther up the
harbor, no estimate is made for its improvement.
Pilots find some trouble into the harbor in thick weather, or near night,
from their inability to see the westerly end of Long Beach. If they can-
not see it, and get out of their course to the eastward, they get ashore on
the Long Beach flats. It is thought that a " day beacon " should be built
•on the west end of the " beach," and thus this danger avoided or lessened.
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Estimates.
FIRST ESTIMATE.
Dredging 00,000 cubic yards from channel near bridge, and through
" upper bar," 350 feet wide, mud and sand, at 25 cents . . $15,000 00
Dredging 15,000 cubic yards, in widening the channel from " upper
bar" to Barney Point, mud and sand, at 25 cents.... 3,750 00
Dredging 24,000 cubic yards of sand, in widening the channel at
Quabaug Bar 6,000 00
Removal of bowlder from channel upper side of Quahaug Bar . 300 00
For holding Long Beach, 2,000 cords of brush, in place, at $2 . . 4,000 00
4,000 tons of stone on beach, at $2 8,000 00
Building spurs, 20, at $100 2,000 00
Planting beach 1,000 00
Add for contingencies 4,000 00
• Total $44,050 00
SECOND ESTIMATE.
Same as the first, except the channel through the "upper bar " is 200 feet wide,
instead of 350.
Dredging 36,000 cubic yards from channel near bridge, and through
"upper bar" $9,000 00
The other items, same as in first estimate 25,050 00
$34,050 00
Add for contingencies 4,000 00
$38,050 00
[D.]
Improvement of Taunton River.
Work proposed for the Fiscal Year ending June 30, 1881.
With the appropriation of $17,500, made by Act of Congress approved
June 14, 1880, it is proposed to begin the improvement as planned for
in the above report; viz., " to secure 11 feet of water at mean high tide
up to the Weir Bridge," by commencing at the bridge, and working down
river.
The work to be done by contract with the lowest bidder, after adver-
tising for proposals in the usual manner.
Respectfully submitted.
G. K. WARREN,
Lieutenant- Colonel of Engineers,
Bvt. Major- General.
